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ABSTRACT 
Mutagenic and carcinogenic effects resulting fh>m DNA damage are the long-tenn 
sequelae of genotoxicity. The genotoxic agents can be defined functionally as having the 
ability to alter DNA replication and genetic transmission. The necessity of monitoring 
genotoxic agents in different water bodies using fish as model has been forced by ever 
increasing use of industrial and agricuhural chemicals, health hazardous compounds and 
carcinogens. One such group of compounds that qualify for much attention is phenoxy acid 
derivatives, viz. Pentachlorophenol (PCP) and 2,4-Dichlorophenoxyacetic acid (2,4-D). PCP, 
whose wide-spread use, mainly in food preservation and pulp and paper mills, has led to a 
substantial environmental contamination and continuous exposure of organisms and 
ecosystems. Its pronounced biocidal activity has increased its use in a great number of 
applications such as fungicide, moUuscicide, msecticide, heibicide, slfanicide and preservatives. 
2,4-D, the other compoimd for study, is a common herbicide, employed as post emergence 
foliar spray for weed control in wheat, rice, maize etc. It is also used in grassland and turf 
areas and for the control of aquatic weeds. These compounds though are noted for their 
strong genotoxic effects in various organisms, but not much progress is made in fish. 
A large nimiber of natival.substances are capable of inactivating environmental 
mutagens. The chaiacterisaticm of these substances are inqxjrtant for the possibility of using 
them as chemodierapeutic/ prt^hylactic agents against genotoxic effects due to these mutagens 
and also benefiting human health hazards attributed to mutations. So the identification of 
substances with antimutagenic properties is very important for application. 
In the present study, genotoxic effects of PCP and 2,4-D were tested in genetic 
elements such as chromosomes, DNA and germ cells in a freshwater fish Channapunctatus. 
This fish was chosen for its genetic endowment, less number of chrranosomes, wide distribution 
and consumption, and resistance to environmental conditions. Neem (Azadirachta indica A. 
Juss) is an indigenous plant commonly grown in India and its sub-continent. Apart from 
having many medicinal properties, water soluble part of alcoholic extract of neem leaves 
possess significant hypoglycemic, hypolipidemic, hqjatoprotective, antifertility, hypotensive 
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and antiserotonin activity. The antimuatgenic potential of neem leaves extract (NE) is evaluated 
by cytogenetic tests. 
LC^, determination by Acute Toxicity Test 
Median lethal concentration (LC,^ values were calculated using ptobit 
analysis transfonnation method (Musch, 1996) performing acute 
toxicity test. LC,,, values, confidence intervals 95% (CI) and NOEL 
calculated were 0.77 ppm (0.60-0.90), 0.55 ppm for PCP, 107 ppm 
(80-130), 70 ppm for 2,4-D and 28 ppm (18-34), 10 ppm for NE. 
Observation on toxicity stress revealed adverse effects such as 
restlessness, swimming at the surface, vigorous jerking of the body, 
loss of balance, myotonia and anorexia. Based on LC^^ , various sub-lethal concentrations for 
PCP, 2,4-D and NE were selected for the subsequent study experimentation using standard 
parameters. 
Histopathological Studies 
Histopathological and related changes are considered as important 
aspect of genotoxicity that could provide an important evidence for 
the accessibility of the test chemicals to the reproductive otgans and 
the possibiUty of its transmission to future generations. Gonadosomatic 
index (GSI) studies were made for determining the possible inhibition 
of gonadal growth. Fortius purpose the specimens were dissected after 
90 days exposure of the gonads and GSI calculated by: (total weight of 
gonads/total body weight) x 100. PCP and 2,4-D significantly reduced the GSI in comparison 
to control. Decrease in GSI fix)m control fish recorded by PCP was 1.32% fi"om 2.38% and 
0.098 fi-om 0.160 for ovary and testis respectively. Similarly, reduced GSI due to 2,4-D 
when contrasted with control was 2.30 % fiwm 1.45 % and 0.105 % fi-om 0.150 % for these 
gonads. 
Analysis of histopathological effects in testes and ovaries collected from exposed specimen 
was determined at the level of light and transmission electron microscopy (TEM). For light 
microscopy, histological preparations were made by microtomy using haematoxylin-eosin 
staining procedure while TEM examinations helped to detect the fme structural changes in 
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organelles. The procedure of Hayat (1970) and Culling (1985) was followed in these 
procedures. Observations revealed that the testes of the exposed fish were in the recrudescence 
stage irrespective of chemical tested. 2,4-D treated testes were having ruptured outer germinal 
layer with dissolution regions in the interstitial cells. :^)ennatids were found in latge numbers, 
while spermatozoa in lesser numbers and extensive cytotoxic damage and other abnormalities 
were observed in PCP and 2,4-D. In case of ovary, large number of stage-I and 11 oocytes 
were present resulting in inhibition of gonadal growth. Damaged oocytes and vacuoles were 
seen among mature oocytes. PCP exposures resulted in the formation of atretic oocytes and 
damaged the plasma membrane. The nucleus of oocyte showed irregular nature with and 
dense clumps of heterochiomatin masses aligned across the inner nuclear membrane, identified 
as critical sign of apq>tosis. 
Chromosome Aberration Test 
For chromosomal aberration (CA) study cytogenetic preparation fi-om 
the cells of kidney was made in exposed specimen against the 
appropriate controls. In making the chromosome preparations, the 
cobalt chloride-colchicine-hypotonic-aceto-alcohol-air/flame dry-
giemsa staining method was followed (Cucchi and Baruffaldi, 1990). 
A time and concentration-dependent increase in total aberrations was 
evident in both chemicals. Various types of aberrations recorded were breaks, exchanges, 
multiple aberrations, stickiness, pulverizations and c-metaphases. The increase in all CA 
fi^quencies were found statistically significant when compared with relevant controls 
(Student's / test, p<0.05). The highest fitsquency of CA recorded by PCP was 18.58 % as 
against 15.17 % of 2,4-D at highest concentration and duration. 
Micronucleus Test 
As supporting evidence of induced chromosomal aberrations, 
preparation and observation on micronucleus test (MNT) was performed 
in peripheral blood erythrocytes of the fish. The haematoxylin-eosin 
staining technique (Pascoe and Gatehouse, 1986) was followed. Both 
PCP and 2,4-D induced MN in statistically significant manner. The 
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highest frequency of MN at respective highest concentration and duration were 8.08 % and 
4.62 % for the tested compounds. The incidence of micronuclei formation showed a positive 
dose response effect over the entire dose range tested. Besides, Various abnormal 
morphological forms of erythrocytes that invariably accompany, such as spherocytes, 
lobc^x)dial [Kojectirais, chmping, acanthocytes and echonicytes were also observed as effective 
indicators of cytotoxicity 
DNA degradation Studies in apoptotic cells 
A plethora of biochemical changes occurred in apc^totic cells as DNA 
fragmentation. The best characterisations were single strand nicks, large 
DNA fragmentation of 50-200 kbp and fragmentation of chromatin 
into units of single or muhiple nucleosomes of 180-200 bp recognizable 
as a DNA ladder on agarose gel electrophoresis. Another type of cell 
death, called necrosis, is usually caused by extreme trauma or injury to 
the cell, characterised by a smear pattern. The analysis of DNA 
fragmentation was performed by isolating DNA fh)m blood and liver (Sambrook and Russell, 
2000) by loading in 1.5 % agarose gel. The fragment size of DNA bands estimated by 
comparing standard molecular marker (Hae III digest of ()>X174) after ethidium bromide 
staining by gel base documentation system. A typical ladder pattern was obtained by either 
chemical in the DNA of hepatic cells and whole blood^which was accompanied by the formation 
of large fragments of DNA 
Single ceU gel electrophoresis 
Single cell gel electrophoresis (SCGE) or 'Comet assay' is a rapid and very sensitive 
fluorescent microscopic method to examine DNA damage and repair at individual cell level. 
This assay has critically important ^ ^Ucations in the fields of toxicology ranging from aging 
and clinical investigations to genetic toxicology. In the present study, erythrocytes were 
observed for possible DNA damage. The procedure of alkaline comet assay by Singh et al., 
(1988) was followed witfi some modifications; the cells were mixed with low melting agarose, 
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spread cm glass slides, and lysed in lysis solution. The slides were then placed in electrc^horesis 
buffer at required pH, and DNA in the cells, allowed unwinding. After the unwinding step, 
the electrophoresis was switched on for few minutes and the DNA allowed to migrate. After 
the electrophoresis, the cells were scored for DNA migration under a 
microscope. Quantification of the DNA dams^e was estimated as comet tail length (jim) = 
(maximum total lengthHhead diameter). The highest DNA damage due to PCP at 96 hr 
exposure in 0.6 ppm was recorded as the mean comet tail length of 8.12 jim and by 2,4-D 
(75 ppm) was recorded 6.80 (im. These values were found significant at P <0.05 and 
concentration-dependent. 
Antimutagenic effects ofneem extract 
Neem has been reported to exert several therapeutic effects and supposed 
to be having protective effect against some mutagens. This is an exciting 
area and therefore, the evaluation of the antimutagenecity of these 
substances towards the candidate compound was explored by 
cytogenetic tests- CA and MNT. Simultaneous treatments of various 
concentrations of NE were ai^lied. All concentrations ofneem extract 
reduced the CA frequency in a significant manner (p < 0.05) in both 
the chemicals when treated simultaneously. The highest reduction percentage in CA frequency 
of 75% in PCP group and 83.3% in 2,4-D group was recorded. The treatment of PCP with 
NE reduced the frequency of MN up to 75.3% and with 2,4-D group, the highest reduction 
was 65.8%. However, the reduction in CA and MN fi^uency was not concentration and 
duration dependent. 
It is expected to provide information on the cellular interactions and can also suggest 
possible mechanism for the antimutagenesis and anticarcinogenesis process that prevents 
genetic alterations and related diseases. 
Above studies are expected to provide excellent information for monitoring genotoxic 
effects of various environmental and man made mutagenic agents, some of which reportedly 
show carcinogenic effects in human beings. Informations extracted are likely to be useful in 
management and genetic background of cancers. 
5 
Figure 9. Light microscopic microphotograph of PCP and 2,4-D exposed 
ovary of Channa punctatus showing: (a) enucleated oocyte (eo), atresia of 
mature oocyte (amo), mature oocyte (mo), shrinked nucleoplasm (snp); (b) 
atretic oocyte (ao), peritoneal lining damages (pld), disintegrated oocytes 
(do). 
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aberrations (b-d) observed in kidney cells of C. punctatus induced by PCP and 
2,4-D. 
Figure 13.Bar diagrams showing time and concentration dependent increase in the 
frequency of chromosome aberrations in Channa punctatus after various 
treatments of PCP (a), and 2,4-D (b).and exposure time compared to the 
controls. 
Figure. 14 Micronucleus induction and various morphological alterations in erythrocytes 
of Channa punctatus exposed to PCP (a, b, c) and 2,4-D (d, e, f): micronucleus 
(MN), multiple micronucleus (MMN), altered cell morphology (ACM), altered 
nuclear morphology (ANM), echinocytes (EC), echinocytes with micronucleus 
(E>4N) and leukocyte surrounded by 7-8 erythrocytes (LSE). 
Figure 15. Dose-response relationship of MN frequency by PCP (a) and 2,4-D (b) in the 
peripheral blood erythrocytes oi Channa punctatus in multiple sampling times. 
Figure 16.Agarose gel electrophoretic patterns of DNA stained with ethidium 
bromide, isolated from blood (a) and hepatic tissue (b); M- marker Hae III 
digest of (j)X174; NC- negative control and PCP treated groups (48, 72, 96 
hr) 
Figure 17.Agarose gel electrophoretic patterns of DNA stained with ethidium 
bromide, isolated from blood (a) and hepatic tissue (b); M- marker Hae III 
digest of (t)X174; NC- negative control and 2,4-D treated groups (48, 72, 
96 hr) 
Figure] S.Bar diagram showing the comparative account of the distribution of the comet 
tail length observed due to exposure of PCP (a) and 2,4-D (b) at different 
intervals (48, 72, 96 hr) in Channa punctatus. 
Figurel9.Line diagrams depicting the reduction of chromosomal aberration frequencies 
by NE and PCP (a) and 2,4-D and NE (b) after variable exposures (48, 72, 96 
hr). 
Figure20.Line diagrams depicting the reduction of micronucleus frequencies by PCP and 
NE (a) and 2,4-D and NE (b) after variable exposures (48, 72, 96 hr). 
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Chapter 1 
GENOTOXICITY - AN INTRODUCTION 
Genotoxicily is the systematic investigation of the effect that physical or chemical 
agents can exert on the genetic system of the organisms. When present in our 
environment their interaction may give rise to cumulative effect(s), which have genetic 
consequences for the future of the species. The primary objective of the genetic 
toxicology, however, is to detect and analyse the potential hazard of those agents that are 
highly specific for interaction with nucleic acid and produce alterations in genetic 
elements at sub-toxic concentration. Thus, its first aim is to describe the outcome 
produced by toxic substances in various organisms, but only from the genetic standpoint 
and to draw conclusions that can be extrapolated to man. The next aim is to investigate 
the mechanisms of action of the substances, and on the basis of this knowledge, to 
evaluate the risk for man (Moutschen. 1985). 
Most agents damage nucleic acids at high exposure concentrations evoking acute, 
non-specific cytotoxic effects in wide range of cellular processes. Agents that induce 
alterations in nucleic acids and associated components at sub-toxic exposure level. 
resulting at modified hereditary characterisfics of DNA inactivation. are classified as 
genotoxic. These substances usually have common chemical or physical properties 
facilitating their interaction with nucleic acids. Thus, genetic toxicology has evolved to 
play a dual role in safety evaluation programs. One role is the implementation of testing 
mutagenesis and risk assessment methods to define the impact of genotoxic agents found 
in the environment and more specifically, whose presence may alter the integrity of gene 
pool. The second role is the application of genetic test methods to the detection and 
mechanistic understanding of carcinogenic chemicals. 
The beginning of the genetic toxicology was marked by H. J. Muller's discover} 
in 1927 that X-rays cause sex-linked recessive lethal mutations in Drosophihi. The 
impetus in evolving the field of genotoxicity came from the study of Alexander 
Hollaender (1960"s), who lead the founding of the Environmental Mutagen Societx 
(EMS) in 1969. in USA (Hoffman. 1996). Similar sociefies, efficiently working together, 
have evolved in Europe, Australia, Japan and India (Moutschen, 1985). In 1973. afier the 
establishment of International Associafion of Environmental Muatgen Societies 
Ph D Ihesis ^ 3 ^ 
Farah MA (•f^' lv 
(lAEMS), the beginning of active research in the genotoxicity was marked. National and 
hiternational Agencies become increasingly interested in mutagenesis, recognising its 
importance not only for genetic diseases but also for carcinogenesis. 
In the United States agencies such as National Institute of Health (NIH), National 
Toxicology Program (NTP), Environmental Protection Agency (EPA), Food and Drug 
Administration (FDA) have supported the basic research in mutagenesis. The US EP.A 
under its Gene-Tox program has developed an approach to determine the maturity (level 
of development) for a large number of genetic bioassays (Brusick and Auletta, 1985). 
Since the past two decades, alarming ideas arose because of the increased 
presence of new chemicals in our environment, and also from the appraisal of new 
techniques. Subsequently, it has given rise to an extensive literature and information on 
the basic mutation research and mutagenicity testing, and genotoxicity has gradually been 
integrated into the broad field of toxicology. It has also provided the primar} source of 
data on health effects of chemical safety evaluation on existing and new chemicals 
(Moutschen, 1985; Hoffman, 1996). 
The aquatic environment covers two third of the earth and is inhibited by the 
majority of living aquatic organisms. They play a vital role in the earth's ecosystem. In 
recent years, reports on the occurrence of malignancies and other biological conditions in 
the aquatic organisms following exposure to suspected genotoxins have increased. Such 
exposure of aquatic fauna not only pose a risk for human health via food chain in the 
ecological context, but also may lead to heritable mutations and loss in the total genetic 
diversity with significant implications of the long term survival of exposed population. 
The studies relating to the impact of genotoxic exposure in an organism, therefore, not 
only cover an attempt to elucidate the mechanisms involving direct changes to the genetic 
material, but also the genotoxic effects and changes at the level of gene pool and 
population (Jha, 1998). 
Toxicants in freshwater have had adverse effects on biota, like fish kills and 
massive destruction of sensitive organisms (Sharma, 1984). Industrial activities and 
agricultural practices have increased the amount of contaminants in the aqueous 
environment, although this trend in the most countries is now being slowed down due to 
legislation that limits the use and disposal of toxic chemicals. In many countries. 
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regulatory activity is beginning to limit point source discharges of toxic chemicals to the 
water resources. The potential for genotoxic effect in aquatic organisms exposed to these 
pollutants is still poorly understood, and contamination of bottom sediments with high 
concentrations of polynuclear aromatic hydrocarbons (PAHs) has been associated with 
elevated prevalence of tumors in bottom dwelling fish (Harshbarger and Clark. 1990). 
Although occupational and accidental chemical exposure does still occur, food is now the 
main route of exposure to these chemicals for the general population. Several chemicals 
or chemical mixtures induce clastogenic effects in fish. 
Fish may accumulate pollutants from direct contamination by chemicals present 
in water or by the indirect route by feeding on living organisms in the water that 
accumulate pollutants themselves. Within the last decade the genotoxicity test in fish has 
played an important role in assessing exposure to water pollutants, and has proved to 
provide an early warning of genotoxic threat to fish, there ecosystem and finall> to man. 
Induction of cytogenetic damage in fish could serve to monitor not only selected 
genotoxic agents in the laboratory, but also for the presence of genotoxicants in surface 
waters and different aqueous ecosystems (Al-Sabfi and Metcalfe. 1995). 
Several testing protocols have been developed earlier which permits evaluation of 
the mutagenic including clastogenic properties of various chemical and physical agents 
(De Serres et al., 1973; Fishbein et al., 1970; Hollaender, 1971; Legator, 1970). 
There is particular concern about possible mutagenic properties of substances that 
regularly enters the human body (e.g. drugs, food additive, sprays, chlorinated 
hydrocarbons). While it is essential that thorough mutagenic screening be performed in 
mammals, it is equally important to evaluate genetic damage that might occur in species 
man depends on by way of food and recreation. Numerous fish species (e.g. tuna, trout, 
salmon, carp, catfish, flounder etc.) provide an important source of protein and other 
nutrients in the diet of man and certain animals raised for human consumption. It is 
essential to know therefore what effects, if any, water-borne pollutants have on the 
genetic material offish (Kligerman et al., 1975). 
The fish is able to convert xenobiotics to active metabolites. It has also been 
successfully used to demonstrate the presence of genotoxic agents in the aquatic 
environment (Prein et al., 1978; Alink, et al., 1980; Hooftman and Vink, 1981). Man\ 
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questions have been raised about the suitabiHty of an organism in genotoxic studies. 
Hooftman (1981), suggested that aquatic organisms used for cytogenetic investigations 
should have the following properties: 
- Karyotype should be suitable having small number of large chromosomes. 
- The mitotic activity should be sufficient to score statistical number of metaphases. 
- Test animal should be easily available by catching in the wild, buying or culturing in 
the laboratory. 
- The test system should be relevant to the environment. 
Because of favourable attributes, the use of fish in aquatic ecotoxicolgy is 
attractive, fish being important members of aquatic ecosystems and an important source 
of food to man. Fish undoubtedly served as the best model for detecting genotoxic agents 
in aquatic environment and several mammalian testing methods with modifications 
(Kligerman. 1982; Manna, 1983; Manna, 1984). 
The current spurt in the fish cytogenetical studies has had its origin in the 
standardisation of the newer techniques and in the realisation of an immense applied 
value of the cytogenetic data offish. The fish genotoxicity indeed stands on the threshold 
of a golden era with great prospects of its being used in apphed research, such as 
monitoring of genotoxic agents (Rishi, 1989). Since most of the chemicals and pesticides 
used terrestrially end up finally in the aquatic system, it is the fishes that are affected and 
should be monitored for these subtle but genetically damaging changes (John and Reddy. 
1989). 
The freshwater mouth brooder tilapia {Oreochromis mossamhiciis) has been 
advocated to be a better model by Manna (1986b). Some other species, Salmo giardneri, 
Umbra limi. Umbra pygmaea, Notobranchius rachowi, Orizias lalipes mainly and few 
others have been used by many workers (Manna, 1984). The genotoxic effects of living 
mutagens, chemical mutagens and physical mutagens in some species of fish have been 
reviewed by Manna (1986b). 
The advantage of using fish as model organism include the ease with which 
teleosts. specially small aquarium species can be held in the laboratory and exposed to 
toxic chemicals. Since, fish often respond to toxicants in a manner similar to higher 
vertebrate, they can be used to screen for chemicals that have the potential to cause 
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teratogenic and carcinogenic effects in humans. However, the main application of model 
systems with fish is to determine the distribution and effects of contaminants in the 
aquatic environment (Al-Sabti and Metcalfe, 1995). A variety of teleost species have 
been used to study the development of early life stages offish and the teratogenic effects 
of environmental contaminants (Weis and Weis, 1989; Wisk and Cooper, 1990) 
Fish may act as 'sentinel' organisms for indicating the potential for exposure for 
human populations to genotoxic chemicals in drinking water. Food is a major route for 
exposure of human populations to toxic chemicals, and fish and shellfish have been 
recognised as major vectors for contaminant transfer to humans (Al-Sabti and Metcalfe. 
1995). For example, marine fish and shellfish, which are a major source of protein in 
many countries, are often contaminated with high concentrations of methyl mercur) 
(WHO, 1990). Induction of chromosomal damage has been found in the l>mphocyte of 
persons exposed to methyl mercury through consumption of contaminated fish (Skerfving 
etal.. 1974). 
Fish provide good material for the study of mutagenic/ carcinogenic potential of 
water samples, since they are aquatic vertebrates and can metabolise, concentrate and 
store water-borne pollutants. However, the potential for identifying clastogens is better 
than for identifying point mutations. 
Short-term tests include acute toxicity, sister chromatid analysis (SCE). gross 
chromosomal changes, formation of micronuclei and effects on DNA and germ cells. 
Long term studies can be carried out on carcinogenicity, reproductive performance and 
chronic toxicity (Sharma. 1984). The modes of administration ma\ be oral. 
intraperitoneal or in aqueous environment (Scott and Sinnhuber. 1978; Kligerman, 1982). 
Exposure of fish to genotoxic agents may occur either by the digestive route through 
ingestion of dietary chemicals or by the respiratory route following absorption of water-
borne chemicals through the gills (De Flora et al., 1993). 
TESTING PROTOCOLS 
Although it is clear that progress in any field of research depends primarily on the 
development of its methodology. In this context, recent advances in the development of 
techniques and diagnostic tools have certainly enhanced the understanding of how an 
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organism interact with its environment at the molecular, cellular and individual level, and 
substantial progress has been made to assess the genotoxins-induced genetic damage in 
the aquatic biota (Jha, 1998). Research on the genotoxic effects of different pollutants to 
fish has been primarily directed at determining the potential for chemical carcinogenesis 
in these organisms. However, clastogenic activity may be a risk factor for genetic disease 
and teratogenesis in fish population, in addition to carcinogenesis. There is also 
continuing interest in developing in vivo genotoxicity assays with fish as model systems 
for assessing health risk to higher vertebrates (Powers, 1989). 
Genotoxic activity in fish has been evaluated using a variety of endpoints. 
including chromosomal aberration test in kidney cells (Kligerman et al., 1975), sister 
chromatid exchanges (Kligerman, 1979), micronucleus test in peripheral blood 
erythrocytes (Hooftman and de Raat, 1982), induction of aromatic DNA adducts in liver 
tissue (Sikka et al., 1990; Stein et al., 1993), analysis of single strand breaks using 
alkaline DNA unwinding assays (Shugart et al., 1992), and analysis of unscheduled DNA 
synthesis (Walton et al., 1984, Ali et al., 1993). A single cell microgel electrophoresis 
technique originally developed for determining clastogenic responses in mammalian cells 
(Singh et al., 1988) also shows potential for analysing clastogenic responses in fish (Tice 
and Andrews, 1993). 
The necessity of monitoring genotoxic agents in different water bodies using fish 
as model has been forced by ever increasing use of industrial and agricultural chemicals, 
health hazardous compounds and carcinogens. A large group of mutagenic chemicals 
comprises herbicides and pesticides. One such group of compounds that qualify for much 
attention is phenoxy acid derivatives, viz. Pentachlorophenol (PC?) and 2.4-
Dichlorophenoxyacetic acid (2,4-D). These are chlorinated phenols widely used in 
agriculture, and noted for their strong genotoxic effects in various organisms, but not 
much progress is made in fish and still information about the effects of these two 
chemicals with reference to Channa punctatus has not been made. 
ANTIMUTAGENICITY- A CURSORY LOOK 
Global environmental pollution as a consequence of the vigorous growth of 
industry and development of human civilization leads to a rise in undesirable genetic 
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mutations and increase in cancer risk (Odin, 1997). Therefore, discovery and exploration 
of compounds possessing antimutagenic and anticarcinogenic properties are of great 
importance. As a result many substances with antimutagenic activities have been found 
(Ames, 1983, 1986; Ramel et al., 1986; De Flora and Ramei, 1986; Hartman and 
Shankel. 1992). 
Initiative on antimutagens was in fact started in the year 1950 and reviewed b\ 
Clark and Shankel in 1975. In these studies antimutagens are shown to be acting 
primarily on the level of cell. However, the present interest on antimutagens has been 
revived by the studies carried out by Japanese workers. Kada (1984) and Hayatsu et al.. 
(1988) studied the antimutagenic substance in diet. Several kinds of natural products of 
economical and edible nature harbouring antimutagenicity have been reported. 
Certain chemicals are known to inhibit the effects of mutagens. One group ma) 
act antagonistically to the already existing mutagens by inactivating them in vitro. These 
have been termed as desmutagens (Kada, 1974). The other type of chemicals inhibit the 
production of mutagens in the cell and these are referred to as antimutagens (Clark and 
Shankel, 1975). The phenomenon of antimutagenesis has considerable practical 
applications particularly in view of the fact that both natural and synthetic chemicals have 
been shown to exert such effects. It has been suggested that most of them ma> act 
through DNA repair (Giri et al., 1983), though it is more likely that different 
antimutagens have different mode of action. 
There are inconclusive indications that many indigenous substances possess some 
inhibitory activity towards natural and environmental genotoxic agents (Grover and Bala. 
1992; Brockman et al., 1992). Thus, some natural substances like vitamins (Vit. C, A and 
E) have shown to impart protective effect to the genetic elements and are active against 
well-known mutagens (Odin, 1997). 
Since the past ten years a proliferation of published articles and conference 
abstracts on the antimutagenicity of various natural products in Salmonella and other 
cells, and the frequency of the appearance of such articles is increasing, as are the 
conferences devoted to identifying, studying and discussing antimutagenic substances. 
This has resulted in an extensive literature proclaiming the antimutagenic effects of man> 
fruits, vegetables and other plant (Zeiger, 2000). 
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Some natural inhibitors of mutagenesis and carcinogenesis are of particular 
importance. They may be useful for cancer prevention and with not having undesirable 
xenobiotic effects on living organisms. During the past decade a large number of 
compounds which inhibit the development of cancer have been identified. As a 
consequence, antimutagenic activity of herbal extracts of Achillia mellijolium. 
Hamamelis verginiami, Hedera helix and Salvia officinalis shown to inhibit the mutations 
induced by UV and 4 NQO (Brockman, et al., 1992). This is an exciting area and the 
evaluation of the antimutagenecity of many candidate compounds are yet to be explored. 
It is expected to provide informations on the cellular interaction and can also suggest 
possible mechanism for the antimutagenesis and anticarcinogenesis processes thai 
prevent genetic alterations and related diseases. 
Neem. belongs to family maliaceae is native to Indian subcontinent and also 
grown in many Asian countries and in tropical regions of the western hemisphere. Lea\es 
and seeds of this tree have been traditionally used for centuries for the treatment of 
human ailment and to control pests (Kaul et al., 1990). It is one of the most versatile 
multipurpose plant species of the tropics with immense potential to protect environmental 
while developing sustainable agriculture. Neem is well known for its durable wood, 
insecticidal and various types of biomedical properties (ICAR, 1993; Govindchari, 1992). 
This ecofriendly native tree of India is perhaps the most researched tree in the world 
(Bhatetal., 1998). 
Neem is an indigenous plant commonly grown in India and its sub-continent. 
Neem has been reported to exert several therapeutic effects. Aqueous extract of neem 
bark acted as immunomodulator, as assessed by alternative and classical C pathwa> 
activity, migration inhibition factor and chemiluminescen assay for phagocytotic activit) 
(Devsagayam and Sainis. 2002). An antioxidant principle was isolated from neem seed 
using high pressure liquid chromatography with a hydrophobic reverse-phase column 
(Raoetal., 1998). 
The neem has immunopotentiating effect and anti-inflammatory activity. 
Medicinal properties like antiseptic healing of wounds, curing of skin diseases and 
antiulcer activit) of various parts of this plant have been reported (Chopra et al.. 1956). 
Water soluble part of alcoholic extract of A. indica leaves further possesed significant 
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hypoglycemic, hypolipidemic, hepatoprotective, antifertility, hypotensive and 
antiserotonin activity (Chattopadhyay et al., 1987). In the present studies possible 
antimutagenic effect due to neem {Azadirachta indica) leaves extract is undertaken. 
Some physico-chemical properties and recent but brief toxicology information for 
these compounds are presented to facilitate better understanding from genotoxicity point 
of view are the: 
CANDIDATE COMPOUNDS 
Pentachlorophenol (PCP) 
Common information 
Nomenclature 
Common name 
lUPAC name 
Trade name 
Chemical class 
CAS R. No. 
Batch No. 
Physico-chemical properties 
Pentachlorophenol 
PCP 
Pentachlorophenol 
Dowicide, PCP, Penchlorol, Penta. Penta plus, Weedonc 
etc. 
Chlorinated hydrocarbon 
87-86-5 
Fluka Chemika (SWITZERLAND) 76470/CH-9470 
OH 
Cl 
Cl 
""ci 
Structure of PCP 
Molecular weight : 
Molecular formula : 
Form : 
Melting point : 
Boiling point : 
266.3 
CfiHCljO 
Colourless crystals with phenolic odour 
191"C 
309-310 "C 
1,11,ill MA (-f^r) 
Vapour pressure 
Density 
Solubility 
Stability 
Flash piont 
Commercialisation 
History 
Manufacturer 
Mammalian toxicity 
Ecotoxicolgy 
Environmental fate 
Soil and water 
NOEL 
Reviews 
Toxicity class 
Major metabolic 
Product 
Use 
16 Pa (100 °C) 
1.98 (22 °C) 
80 mg/1 water (30 °C), soluble in most organic solvents 
relatively stable and non-hygroscopic. 
Not flammable 
Introduce 1936 as a timber preservative and later used as a 
general disinfectant. 
Chapman 
Acute oral LD50 for rats 210 mg/ kg 
LC50 48 hr for rainbow trout 0.17 mg/1 
very persistent in the environment 
3.9-10 mg daily in rat 
Environmental Health Criteria (WHO, 1987) 
Pentachlorophenol (Seller, 1991) 
WHO lb (Highly hazardous) 
EPA II (Moderately toxic compound) 
lARC 2B (Possibly carcinogenic to humans) 
Tetrachlorohydroquinone and Tetrachlorocatechol 
wood preservatives- 79% 
herbicide/ insecticide/ weedicide-21 % 
Environmental contamination of PCP 
Pentachlorophenol (PCP) is priority pollutant semi volatile, chlorinated phenolic 
compound. It is a man-made substance, made from other chemicals, and does not occur 
naturally in the environment. At one time it was one of the most widely used biocides in 
the United States. Now the purchase and use of this is restricted to certified applicators. It 
is no longer available to the general public. 
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PCP has two forms; PCP and the sodium saU of PCP. The sodium sah dissolve 
easily in water but PCP does not. PCP is a restricted-use insecticide, fungicide, 
molluscicide. defoliant, herbicide, and wood preservative. It is a common degradation 
product of lindane and hexachlorobenzene. 
PCP is a chlorinated hydrocarbon insecticide and fungicide. It is primarily used to 
protect timber from fungal rot and wood boring insects but may also be used as pre-
harvest defoliant in cotton, a general pre-emergence herbicide and as a biocide in 
industrial water systems. It is a major product of the metabolism of hexachlorobenzene in 
mammals. Data from animal studies indicate that the target organs for PCP are the liver. 
kidney and central nervous system. PCP may be - highly to - very highly toxic to man\ 
species offish. Several species offish, invertebrates and algae have levels of PCP that are 
significantly higher (up to 10,000 times) than the concentrations in the surrounding 
waters. 
In the water environment, PCP is mainly bound to sediments and suspended 
particles in water. It has been detected at very low level in river and streams (0.01-
16|ig/l). surface water system (1.3-12|i/l) and seawater (0.02-1 l|ig/l). According to one 
estimate, PCP released in water and land during 1987 -1993 was 10' pounds/year. lARC 
classified PCP in Group 2B (the agent is possibly carcinogenic to humans), on the basis 
of inconclusive evidence of carcinogenicity in human but sufficient incidence in 
experimental animals. This conclusion is based on animal studies that shovvcd an 
increased risk of cancer specifically in the liver and adrenal gland of mice. 
The available genotoxicity data indicate that pentachlorophenol may ha\e some 
genotoxic potential, but the evidence for this is not conclusive. PCP is a substance whose 
widespread use, mainly in wood protection and pulp and paper mills, has led to a 
substantial environmental contamination. This in turn accounts for a significant exposure 
of the general human population, with rather high exposure levels being attained in 
occupational seUings. Early investigations on the genotoxic activity of PCP have given 
rise to divergent resuhs, which would seem to make an evaluation difficult. By grouping 
them into 3 categories, a somewhat clearer picture, allowing finally an admittedly 
tentative assessment, can be obtained. 
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PCP does seem to be at most a weak inducer of DNA damage; it produces neither 
DNA-strand brealcs nor clear differential toxicity to bacteria in rec-assays in the absence 
of metabolic activation. Also in SCE induction no increase can be observed in vivo, while 
PCP is found marginally active in a single in vitro experiment. Metabolic activation, 
however, leads to prophage induction and to DNA strand breaks in human lymphocvlcs. 
presumably through the formation of oxygen radicals. A possible further exception in this 
area might be the positive results in the yeast recombination tests, although their 
inadequate reporting makes a full evaluation difficult. PCP does not seem to induce gene 
(point) mutations, in most bacterial assays, the Drosophila sex-linked recessive lethal test 
and in vitro assays with mammalian cells did not demonstrate any effects. Marginal 1} 
positive results were obtained in the mammalian spot test in vivo and in one bacterial 
test; the positive result in the yeast assay for cyclohexamide resistance is fraught 
somewhat with its questionable genetic basis. 
PCP does, however, induce chromosomal aberrations in mammalian cells in vitro 
and in lymphocytes of exposed persons in vivo. Those in vivo results that were unable to 
provide evidence of chromosomal damage are hampered either by methodological 
inadequacies or by too low exposure levels. The metabolite tetrachlorohydroquinonc 
might be a real genotoxic agent, capable of binding to DNA and producing DNA strand 
breaks; this activity is probably due to semiquinone radical formation and partly mediated 
through active oxygen species. Since this compound has not been tested in the common 
bacterial and mammalian mutagenicity assays, the few ancillary results on this substance 
cannot be used in a meaningful human risk assessment of PCP. Furthermore, this 
metabolite has only been produced by human liver microsomes in vitro, but has not been 
detected in exposed humans in vivo. 
PCP is in the list of pesticides banned for manufacture, import and use in India b\ 
Ministry of Agriculture, Government of India (Anonymous, Shashpa, 2002). 
(Source: Extoxnet Fact Sheet, 1998; EPA Pesticide Fact Sheet, 1996; Tomlin, 1995; Seiler, 1991) 
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2,4-Dichlorophenoxyacetic acid (2,4-D) 
Common informations 
Nomenclature : 
Common name : 
lUPAC name : 
Trade Name : 
Chemical class : 
Batch No. : 
CAS No. : 
Physico-chemical properties 
2.4-D 
2,4-D 
2,4-dichlorophenoxyacetic acid 
Weedtrine-II, Aqua-Kleen, Barrage, Plantgard. Lawn-
Keep, Planotox and Malerbane. 
Chlorinated Phenoxy herbicide 
Loba Chemie (INDIA) Art. 3300 
94-75-7 
CI 
OCHoCOoH 
Structure of 2,4-D 
Molecular weight 
Molecular formula 
Form 
Melting point 
Vapour pressure 
S/ G density 
Solubility in water 
Stability 
Pka 
221.0 
C8H6CI2O3 
colourless powder 
140.5 °C 
1.1 X 10'^  Pa (20 °C) 
1.565 (30 "C) Kpw: log p = 2.58-2.83 (pH-I) 
311 mg/l(pH-l,25''C) 
Insoluble in petroleum oils 
2,4-D is a strong acid and form water soluble salts with 
alkali metals and amines, hard water leads to precipitaion 
of the calcium and magnesium salts. 
2.64 
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Commercialisation 
History 
Manufacturer 
The potent effects of its salts on plant growth were first 
described by P. W. Zimmerman and A. E. Hitchcock 
(contrib. Boyce Thompson Inst. 1942) 
Agrolinz, All India Medical, BASF, Bayer. Bitterfield. 
Zeneca etc. 
Application 
Mode of action 
Use 
Phytotoxicity 
Compatibility 
Mammalian 
Toxicology 
Inhalation 
NOEL 
Ecotoxicology 
selective systemic herbicide salts are readily absorbed b> 
the roots while esters are readily absorbed by the foliage. 
Translocation occurs with accumulation principally at 
themeristematic regions of shoots and roots act as growth 
inhibitor. 
Post emergence control of annual and perennial broad 
leaned weeds in cereals, maize, sorghum, grassland. 
established turf, grass seed, crops, orchard (pome fruit and 
stone fruit) caniberries, asparagus, sugercane, rice. forestr> 
and non crop land (including areas adjacent to water). 
Control of broad leaved aquatic weeds. 
Phytotoxic to most broad leaved crop especially cotton. 
vines, tomatoes, ornamental fruit trees, oil seed rape and 
beet. 
depends upon the particular formulation 
Acute oral toxicity for rats: 639-764 mg/ kg 
LCjo (24 hr) for rats > 1.79 mg/ kg 
rat and mice 1 mg / Kg b.w 
Fish, some formulations (e.g esters) are toxic to fish, while 
others are not. LC50 (48 hr) for rainbow trout 1.1 mg/1; 
Daphnia, EC5o(21 d)235mg/l 
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Environment fate 
Soil and Water 
Reviews 
Target Plants 
Mode of action 
Method of 
Application 
Toxicity class 
In rats following oral administration elimination is rapid 
and mainly as the unchanged substance. Following single 
doses of up to 10 mg/ kg, excretion is almost complete after 
24 hr although with higher doses complete elimination 
takes longer. The maximum concentration in organs is 
reached after 12 hr. 
In soil microbial degradation involves hydroxylation. 
decarboxylation, cleavage of the acid side chain and ring 
opening. Half life in soil, < 7 d K„cC. 60. 
Seller, (1978) 
Environmental Health Citeria 84 (WHO, 1989) 
Garabrant and Philbert (2002) 
2,4-D is used to control broad leaf weeds, grasses and other 
monocots, woody plants, aquatic weeds, and non-llowcring 
plants. 
2,4-D is a plant-growth regulator that stimulates nucleic 
acid and protein synthesis and affects enzyme activity., 
respiration, and cell division. It is absorbed by plant leaves. 
stems, and roots and moves throughout the plant, ll 
accumulates in growing tips. 
aerial and ground spraying, lawn spreaders, cut surface 
treatments, foliar spray, basal bark spray; injection 
EPA II (Moderately toxic compound) 
WHO II (Moderately hazardous) 
lARC 2B (Possibly carcinogenic to humans) 
Extent of Contamination 
2,4-D is a member of chlorinated phenoxy family of herbicides, was the first 
successful selective herbicide developed. It was introduced in 1946, and rapidly became 
the most widely used herbicide in the world and function as a systemic herbicide and is 
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used to control many types of broad leaf weeds. Its major uses in agriculture are on wheat 
and small grains, com, rice, sugercane etc. Predominant uses of 2,4-D are. post-
emergence weed control in agricultural crops. It is also used for the control of aquatic 
vegetation (weeds). After 50 years of use, 2,4-D is still the third most widely used 
herbicide in the United States and Canada. Presently, 2,4-D is the most thoroughlv 
researched herbicide in the world. 
Some formulations of 2,4-D are highly toxic to fish and others are less. Limited 
studies indicate a half-life less than two days in fish and oysters when exposure is 
discontinued (NRCC, 1978). Aquatic environment microorganisms readily degrade 2.4-
D. 
Despite its short half-life in aquatic environment the compound has been detected 
in groundwater supplies in five states of US and Canada (Howard, Extoxnet, 1998). It has 
also been detected in surface water through out the United States at very low 
concentrations. The phenoxy acid groups of herbicide are probably one of the widest used 
herbicide in the world. In US it is third and in UK it is sixth most used herbicide. A 
whopping 31000 tonnes of 2,4-D used annually in mid of 1990's in US. It is also used 
widely in developing countries. India for example, used 1300 tonnes in 1994-95. It is a 
restricted use pesticide (RUP) in the US. 
The UK Advisory Committee on Pesticides Evaluation, ACP has highlighted a 
large number of major data gaps, covering human health effects, aquatic and wider 
environmental risk. In addition to the number and the range of these data gaps, there is 
continued concern about its long term adverse effects on human health and water 
pollution. 
(Source: Extoxnet Fact Sheet, 1998; EPA Fact Sheet, 1996, Pesticide News, 1997; Tomlin, 1995; 
Seller, 1978; Gabrant and Phllbert, 2002) 
ANTIMUTAGENIC AGENT 
Neem (Azadirachta Indica, A. Juss) 
Taxonomic position: 
Order ; Rulala 
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Suborder 
Family 
Subfamily 
Tribe 
Genus 
Species 
Rutaneae 
Meliaceae (Mahogamy family) 
Melioideae 
Melieae 
Azadirachta 
indica 
Botanical characteristics 
This is medium sized fast growing tree that usually reaches a height of 15-20 m. It 
is popularly known as neem and is indigenous plant commonly grown in India and 
Burma is now widely distributed throughout the Indo-Malayan region. The neem tree has 
been introduced and established throughout the tropics and sub-tropics for its highh 
valued hardness, its almost year-round shaped, and its multiple woods and non-woods 
products. Agroforesters have promoted it for use in windbreaks, fuelwood plantation and 
silvopestoral systems, specially for dry zones and infertile, rocky, sandy or shallow soils. 
People have long recognised that the leaves, bark, wood and fruit of the neem tree either 
repel or otherwise discourage insect pests and they incorporated these plant parts into 
traditional soil preparation grain storage and animal husbandry practices. Through more 
recent chemical analysis the active compound in neem tissue have been identified. 
Several neem based biological pest control (BPC) products have been developed and 
approved for commercial distribution in some countries. The inexpensive integrated pest 
management (IPM) resource for farmers, the raw material for small rural interprises or 
the development of neem based industries. The more common identified compounds and 
its properties of neem are as follows: 
Nimbin- anti-intlammatory, anti-pyretic, anti-histamine, anti-fungal 
Nimbidin- antibacterial, anti-ulcer, analgesic, anti-arrhythmic, anti-fungal 
Nimbidol- antitubercular, anti-protozon, anti-pyretic, 
Gedunin- vasodilator, anti-malaria, anti-fungal. 
Sodium nimbinate- diuretic, spermicide, anti-arthrhitic 
Queceretin- anti-protozoal 
Salannin- Repellent 
Azadirachtin- repellent, anti-feedent, anti-hormonal. 
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Azadirachtin has been identified as neems principle active compound. Neeni 
leaves do apparently not contain aza but rather several other triterpenoids with 
insecticidal properties. 
(Source: The wealth of India, CSIR, 1948; Schmutterer, 1994; EPA Fact Sheet, 1998; Extoxnet, 1997; 
Parmarand Randhawa, 1993). 
Alcoholic extraction 
Fresh neem leaves were collected in September-October 2000. from the universit\ 
campus and identified by pharmacognosy expert and processed by the method of 
Chattopadhyay (1998). The leaves were dried semi powdered by crushing. About 350 
grams of the powdered leaves were dissolved in 2 liters of absolute alcohol. Leaf extract 
was concentrated under reduced pressure in a water bath at 50 C temperature and finalK 
dried in a vacuum dessicator. The residue so obtained was dissolved in distilled water and 
filtered. The filtrate was evaporated to dryness. The dried mass was suitably diluted (500 
gm/ ml) in normal saline and used in the experiments as and when required. 
TEST ORGANISM 
Channa punctatus (Bloch, 1793) 
Systematic position 
Class 
Subclass 
Super order 
Order 
Suborder 
Family 
Genus 
Species 
Fishbase name 
Common English 
name 
Local name 
Sex 
Osteichthyes (boney fishes) 
Actinopterigii (Modern boney fishes) 
Teleostei (ray finned fishes) 
Perci formes 
Channoidei 
Channidae (snake head) 
Channa 
punctatus 
Spotted snake head 
Snake head 
Lata, Taki, Soli 
Male and female 
CHANNA PUNCTATUS 
Figure 1. Experimental fish, Channa punctatus with ideal metaphase chromosomes 
(2n = 32) of male (a) and female (b). 
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Chromosomes 
number (2n) 
Fundamnetal 
arm number 
Chromosome 
formula 
Sex chromosomes 
Maximum size 
Environment 
CHmate 
Importance 
Resilence 
Distribution 
Biology 
Red List Status 
Dangers 
Other species 
62 
2n= 18m + 12sm + 2st 
(m = metacentric, sm = submetacentric, st = subtelocentric) 
not distingiushed 
31 cm TL male/ unsexed 
Benthplagic, freshwater, brakish 
Tropical, 22-28 °C 
Fisheries, aquaculture, aquarium, bait occasionally 
medium, minimum population doubling time 1.4-4.44 years 
(k = 0.2) 
Afghanistan, Bangladesh, China, India, Mayanmar. Nepal. 
Pakistan, Sri Lanka. 
Found in ponds, swamps, brakishwater, ditches and beels, 
prefers stagnant water in muddy streams, feeds on worms. 
insects and small fish. Accepts chopped fish and shrimp in 
aquarium breed throughout the year. Mitochondrial 
hypertrophy noted in the double cone of the retina of this 
species is considered a basic process in oil droplet 
formations. 
Not in lUCN Red List 
Harmless 
Channa orienatalis (Bloch and Schneider) 
Channa leucopunctatus (Sykes) 
Channa Marulius (Hamilton, Giant snake head) 
Channa Straitus (Bloch, Stripped snake head) 
Channa Stewarti (Paltfair) 
Channa gachua (Hamilton) Asiatic snake head 
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These are the more common murrels species found in India, categorized in air-
breathing predatory and carnivorous fish, such murrels (Channa sp.) form an important 
group of economic species, which besides breathing through gills are also able to take in 
atmospheric air directly by means of extrabranchial organs. Though they thrive well in 
swamps and weedy marshes, they can also withstand slightly brakishwater. 
These fish are marketed alive and hence given the collective name live species. 
The air-breathing fishes are known for their nutritive, invigorating and therapeutic 
qualities and are recommended by physician as diet during convalescence. Live fish 
accounts more that 15% of countries total marketable surplus of inland fish. They are 
regarded as excellent table fish in Punjab, Western Uttar Pradesh, Bihar. Madhya 
Pradesh, Andhra Pardesh, Karnataka and Kerala. C. punctatus. C. marulius and (' 
slraitus are cultivated species, pond breeders and are known for parental care which 
assumes the form of building a nest for protection of their brood (Jhingran, 1983). 
(Source: Jhingran, 1983; www. FishBase.org; Manna and Prasad, 1973) 
Conditioning and Acclimatization of test organism 
Fish were maintained according to standard fish maintenance procedure during 
acclimafization and exposure (Clesceri et al., 1998). A sustained supply of freshwater fish 
Channa punctatus (weighing 30 ± 5 gm, measuring 15 ± 2 cm in length) were procured 
from local outlets and acclimafized for two weeks. In the laboratory conditions, the 
stocks were maintained in polypropylene troughs containing 50 1 water at 22 ± 2" C and 
provided minced calf liver daily. The dissolved oxygen kept constantly above 5 ppm b\ 
frequent aeration of water. AH these Fish were subjected to a prophylactic treatment b\ 
bathing twice in 0.01% KMn04 for 30 min at an interval of 24 hr before commencing an 
experiment. To minimize contamination from metabolic wastes water routinely changed 
every 24 hr. Feeding stopped two days before any commencement of experiments. The 
fish were also employed for blood collection and supply of important organs (liver. 
kidney, etc) for genotoxicity experimentation. In all the subsequent experiments, the fish 
were used from this stock only. 
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Treatment procedure 
The treatment procedure has been considered to be one of the most important 
factor in genotoxicity testing and the choice administration depends upon the purpose of 
the assay and nature of the test chemicals. Since the fish being aquatic vertebrates, can 
metabolise, concentrate and store waterborne pollutants, the modes of administration ma\ 
be oral, intraperitoneal or in aqueous environment (Scott and Sinnhuber, 1978; Barker 
and Rackam, 1979; Kligerman, 1982). Rishi and Grewal (1995) suggested that when fish 
were allowed to remain in the chemical containing water for various interval of time, 
effect of chemicals by absorption through the gill epithelium could be evident. 
In the present study, fish were exposed through medium treatment by various 
sublethal concentrations of chemicals in polypropylene troughs containing 50 1 of water. 
Stock solution preparations 
PCP, 2,4-D and neem extract (NE) has low solubility in aqueous medium. Details 
of the preparation of stock solution of respective chemical in ethanol is presented. 
Stock solution of PCP, 2,4-D and NE: 
Amount of Ethanol Water Total Stock in 1 ml stock 
Solute (ml) (ml) (ml) (ppm) 
igmPCP 2 998 1000 1000 1 mg PCP 
10gm2.4-D 2 998 1000 10,000 lOmg 2,4-D 
1 gm NE 2 998 1000 1000 1 mg NE 
(According to the definition of ppm: 1 mg solute in 1000 ml of solvent = 1 ppm). 
On the basis of the results obtained by the acute toxicity test various sublethal 
concentrations selected for genotoxicity studies by different parameters with PCP and 
2.4-D were shown in Table 1. Various sub-lethal concentrations of neem extract (below 
NOEL) were selected for antimutagenic evaluafion (Table 1). For solvent control 0.2% 
ethanol and for positive control Ethylmethane sulphonate (EMS, 40 ppm) were used in 
the experiments. 
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OBJECTIVES 
The main objectives of the present studies are: 
1. Evaluation of genotoxicity of PCP and 2,4-D in chromosomes, DNA and gonads ol" 
freshwater fish C. punctatus. 
2. Evaluation of possible antimutagenic effects of neem leaves extract against PCP and 
2,4-D. 
The present objective will be achieved by using following parameters: 
Preliminary studies 
The median lethal concentration will be calculated by probit analysis 
transformation method performing acute toxicity test. Based on this, various sub-lethal 
concentrations for PCP and 2,4-D will be considered for the experimentation, 
cytogentic studies 
Cytogenetic Studies 
Cytological endpoints like chromosome aberration and micronuclei formation arc 
very sensitive genetic assays for detecting genotoxic chemicals and environmental 
mutagens at sub-toxic levels. The two tests will be used in cytogenetic investigations. For 
chromosomal aberration study cytogenetic preparation from the cells of kidney will be 
made in exposed specimen against the appropriate controls. The cells of peripheral blood 
selected for the micronucleus test followed by staining in haematoxylin-eosin. 
Histopathological studies 
Analysis of histopathological effects in testis and ovary collected from exposed 
specimen are to be determined at the level of light and transmission electron microscopv 
(TEM). For light microscopy, histological preparations are to be made by microtomy 
using haematoxylin-eosin staining procedure. While, TEM examinations will highlight 
the fine structural changes in organelles. Since monitoring the growth of germ cells in 
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exposed individuals is one of the regular features of histopathology. gonadosomatic index 
(GSI) is calculated for determining the possible inhibition of gonadal growth. 
Molecular studies 
Comet assay (Single Cell Gel Electrophoresis, SCGE): Erythrocytes will be 
undertaken to observe DNA damage in single cell using alkaline SCGE. 
DNA analysis in apoptotic cells: The analysis of DNA fragmentation will be performed 
by isolating DNA from blood and liver, the fragment size of DNA bands will be 
estimated by comparing standard molecular marker after ethidium bromide staining b\ 
gel base documentation system. 
Antimutgenic studies 
Antimutagenic studies with neem leaves extract will be carried out in cytogenetic 
tests like chromosome aberration test and micronucleus test by simultaneous treatment 
with the test chemicals. 
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Table 1. Concentration schedule for PCP and 2,4-D selectively used for genotoxic studies 
and neem extract (NE) for antimutagenicity evaluation in Channa punctatus. 
Experimental 
Group 
Control-1 
Control- II 
Control- III 
Cone. A 
Cone. B 
Cone. C 
Amount of stock solution added 
(ml) in 50 liters of water 
PCP 
-
-
10 
20 
30 
2,4-D 
-
-
125 
250 
375 
Neem 
-
-
50 
100 
150 
Final concentration (ppm) 
PCP 
-
-
0.2 
0.4 
0.6 
2,4-D Neem 
-
-
25 1 
50 2 
75 3 
Control-1: Negative control (tap water only) 
Control- II: Solvent control (0.2% ethanol) 
Control- III: Positive control (Ethylmethane sulphonate, 40 ppm) 
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Chapter 2 
INTRODUCTION AND REVIEW OF ACUTE TOXICITY TEST 
Chemicals play an important role in modern day farm practices. New formulations are simultaneously made available to control various types of pests, weeds and 
microorganisms. Human destructive influence on the aquatic environment is in the form 
of sub-lethal pollution of chemicals used in such controls, which results in chronic stress 
conditions that have negative effect on aquatic life in particular. Needed for the 
furtherance of pollution abatements are public education, direct aid to communities and 
industries and research on the effect of the pollutants, singly and in likely combinations, 
on aquatic organisms. 
The extent of despoilment in rendering water unfit for human consumption, as 
well as unsuitable for aquatic life and other important uses, is particularly alarming near 
the large centers of populations. It necessitates monitoring, pollution of water may be 
detected and measured by various combinations of chemical, physical and biological 
means. The biological identification and mensuration of pollution is of particular interest. 
that involves test and index organisms, the occurrence of sudden large scale mortalities is 
often a tardy clue. Direct effects of pollution on fish or fish life are either catastrophic or 
gradual, depending on the amount and kind of undesirable effluent in relation to the 
quantity of the recipient water mass (Ellis, 1936). Test organisms are exposed to \arious 
dilufions of presumed pollutants in order to determine limits of tolerance and lethalit). 
This is the simple but effective method of bioassay and it is best done under standardized 
conditions. 
Reasonably precise standards are required for both quantitative and qualitative 
aspects of toxicants (Lagler. 1982). However, for many substances, the concentrations 
which are tolerable to aquatic life are not accurately known. Rigidly controlled bioassay 
toxicity tests are therefore recommended for determining permissible concentrations of 
many a pollutants (Aquatic Life Advisory Committee. 1955). 
When the toxicity is described in quantitative terms, the concept of LD.^ d (lethal 
dose 50%) and ED50 (effective dose 50%) are used. To put in simple term. ED,,, is the 
dose, which according to the dose-response relationship would cause the effect in 50% of 
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the population. The dose response relationship is in the form of a curve (according to the 
statistical or mathematical model applied). That fits the experimental data most 
satisfactorily. The situation where concentration is used instead of the dose to express the 
extent of exposure, the concept LC50 and EC50 is applied. Since the intensity of an effect 
of a chemical depends on the dose, which is the mass quantity administered to a subject, 
this quantity is expressed in absolute terms (mg, gm, etc.) and often related to body 
weight (mg/ kg). However in many cases and certainly in cases of exposure to 
environmental contaminants, the dose is not known. At the most, the concentration of the 
substance in the compartment concerned may be known, for example in water or in the 
air. In that case the concentration of the substance can be expressed in mg/1 of water, mg/ 
m" air. parts per million (ppm) and parts per billion (ppb) as the case may be. (Musch. 
1996). 
Nonetheless, LC50 value is a standard measure of toxicity. This value 
communicates how much of a substance is needed to kill 50% of the test organisms 
exposed to the substance (toxicant, effluent sample) over a specified period of time. 
(MBL Inc. 1999). The relationship between the sublethal concentrations calculated on the 
basis of LC50 values over various lengths of exposure is the second logical step to be 
explored subsequently. 
Concentration-response relationship 
The foundation principle upon which all toxicity tests are based is the recognition 
that the response of living organisms to the presence (exposure) of toxic agents is 
dependent upon the dose (exposure level) of the toxic agent. Using this principle, aquatic 
toxicity tests are designed to describe a concentration-response relationship referred to as 
concentration response curves when the measured effect is plotted graphically with the 
concentration (Adams, 1993). If a group of a genetically homogenous population of 
animals belonging to the same species and strain are given a particular chemical at 
different dosages, the proportion exhibiting a particular toxic effect will increase as the 
dose increases. In many instances the resultant graph takes the form of a sigmoid curve 
with a log normal distribution which is symmetrical about the mid point. This is a typical 
dosage response-relationship (Ballantyne. 1992). The main objectives of the dosaue-
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response and concentration-response is to quantify toxicity, especially witli regard to 
mortality and the limitations of the LD50 or LC50 as a basis for comparison of toxicitv 
(Duffus, 2002). 
Acute toxicity test 
Acute toxicity tests are of the short-term nature designed to measure the effects of 
toxic agents on aquatic species during a short phase of their life span. These tests most 
often measure the effects on survival over a 24-96 hr period. The American Society of 
Testing and Materials (ASTM. 1988). the Environmental Protection Agency (EPA. 1996) 
and the Organisation of Economic Cooperation and Development (OECD, 1992) ha\e 
published standard guidelines on how to perform acute toxicity tests in freshwater and 
marine invertebrates and fish. A host of fish species have been used in toxicity testing. 
These are fathead minnow {Pimephales promelas), atlantic salmon (Salmo solar). 
rainbow trout {Onchorhyncus mykiss), bluegill (Lepomis machrochirus). channel catfish 
{Ictalnrus punctatus), zebrafish {brachydanio rerio), common carp (Cyprims carpio). 
water fleas {Daphnia magna, Ceridaphnia dubia) etc. (Adams, 1993; EPA Guideline. 
1996). 
Toxicological endpoints most often measured for acute toxicity tests include, 
determination of LC50 or EC50 value, 95% confidence intervals (CI), an estimate of the 
acute no observed effect level (NOEL), and behavioral changes as a result of chemical 
stress. The primary endpoint. LC50 or EC50 can be determined by a number of statistical 
approaches (Stephan, 1977; Finney, 1985). 
Calculation of LC50- a statistical analysis 
As the results of toxicity experiments provide data on the response intensit> at 
various dosages, to make a general statement on the toxicity of a substance for the entire 
population, the need of a statistical analysis is required therefore. Various analytical 
methods are described for the purpose, such as logit transformation method and probit 
transformation method, graphic method etc (Musch, 1996). The Litchfield-Wilcoxen 
approach is however often used. It consists of plotting the survival and test chemical 
concentration data on log-probability paper (Litchfield and Wilcoxen. 1949). It is further 
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aided by various computer programs now available to perform this calculation (Stephan. 
1977). But. for large number of concentrations and quantal-response relationship, probit 
transformation is the most reliable method. This reflects an S-shaped curve, which can be 
transformed to a straight line by rescaling of the Y-axis. To achieve this, the percentage 
of responding subjects for each concentration is expressed in a new unit known as probit. 
A regression line through the points thus obtained can be calculated from the probits 
corresponding to the percentage of responding subjects and the logarithm of the given 
concentrations. 
Theoretical derivation of the probit method was utilised by Musch (1996). in his 
studies. The probit method makes use of transformation of the response percentages 
found on the basis of the log normal distribution. The normal distribution can be 
described by a standard normal curve, in which the mean \x = 0 and the standard 
deviation a = I. If the log concentration is plotted on the x-axis and the corresponding 
response percentage in probits on the y-axis, and if the data obtained comply with the log 
normal model, the result is a straight line. For experimental result, the best fitting line 
will have to be calculated. The straight line constructed using probit can be described 
mathematically as: 
pr = 1/ a (x-|i) + 5 = a + b. Log (D) 
Where, 
pr = number of probits corresponding to the percentage of responding subjects 
a = standard deviation 
X = In (concentration) 
1-1 - mean number of dead animals 
a = slope of the line 
b = intercept with the y-axis 
The precision with which an LCjo value is estimated can be indicated by means of 
a confidence interval (CI). It is a numerical interval, which has a known probabiiit> of 
including the true value (Chanter and Heywood, 1982). 
The effects of many pollutants on fish have been evaluated by acute and chronic 
toxicity test (Sprague, 1973; Rand and Petrocelli, 1985; Van der Merwe et al.. 1993; 
Nussey et al., 1996). Abnormal behaviour, an additional test has been recommended by 
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EPA guidelines (1996). It is intended to make use of toxicity stress and changes like 
erratic swimming, loss of reflex, increased excitability, lethargy, and changes in 
appearance physiology such as discoloration, excessive mucous production, hyper 
ventilation, opaque eyes, curved spines or hemorrhage are among the toxicity signs to be 
observed. 
Quite a few chemicals have been employed in fish toxicity studies. For example, 
relative toxicity and acute toxicity of malathion, endosulfan, carbaryl and phenthoate 
were calculated on the basis of LC50 value in Channa punctatus (Singh et al.. 1984; Rao 
et al., 1985; Haider and Inbaraj, 1986). 
On PCP. 2,4-D and neem leaves extract also the candidate compounds for the 
present, few studies on median lethal doses do appeared but in terrestrial vertebrates. 
These values are 50-328 mg/kg for PCP (RTECS, 1980; Renner, 1986), 100-2000 mg/kg 
for 2,4-D (Gehring and Besto, 1977; Young, 2000) and 2000-5000mg/kg for neem 
(Raizada et al., 2001). To make similar observations in fish, a more complicated aspect is 
also to be considered in aquatic organisms. Unlike vertebrates, completely or partial 1\ 
dissolved chemicals in fish maintain the pressure constantly. PCP and 2,4-D are two such 
compounds when used terrestrially end up in the water bodies and keep a pressure cxactlv 
as stated above. 
Whatever may be the chemical, the selection and use of concentration are vital in 
toxicological studies. The median lethal concentration, LC50 96 hr can always be used for 
preliminary exploration to establish inifial esfimates of the toxicity (Sprague, 1989). 
Understandably, it is dangerous to evaluate the toxicity of a substance exclusively on the 
basis of LCjo value. But on the basis of LC50 value, sub-lethal concentration (< IX^o) 
may be applied to the actual test animals (Musch, 1996). The reasons for estimating LCso 
value by acute toxicity testing is that any base line data of the chemicals to be tested will 
not be appropriate because the variation in the measured LC50 value appeared to be more 
than tenfold and outcome of any particular experiment is dependent on a host of 
environmental and experimental conditions (Musch, 1996). 
Environmental pollution with respect to the candidate compounds, PCP and 2.4-D 
IS of serious nature, and therefore requires immediate attention for toxicity evaluation. 
Several species of fish, invertebrates and algae have certain levels of PCP that are 
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significantly higher (up to 10,000 times) than the concentrations in the surrounding 
waters. In the water environment, PCP is mainly bound to sediment and suspends its 
particles in water. It has already been detected at very low level in rivers and streams 
(0.01-16|ag/l). surface water systems (1.3-12|i/l) and seawater (0.02-1 l|ig/l) (Extoxnet. 
PCP Fact Sheet, 1998). As far as 2,4-D is concerned microorganisms in aquatic 
environment readily degrade 2,4-D. Despite its short half life in aquatic environment the 
compound has been detected in groundwater supplies in five states of US and Canada. It 
has also been detected in surface water through out the United States (Extoxnet, 2,4-D 
Fact Sheet, 1998) both the chemicals even if present in very low concentrations together, 
they can cause considerable damage. The toxicity of PCP, 2,4-D and neem extract (NE) 
has not been evaluated in C. punctatus. Therefore, it become imperative to calculate these 
concentrations at the onset of genotoxicity experiments. 
PROTOCOL FOR ACUTE TOXICITY TESTING 
Fish : Channa punctatus (Total number- 300), taken from 
acclimatized stock. 
Test Chemicals : Pentachlorophenol (PCP, CAS No: 87-86-5. 99% 
purity) 
Concentrations, 0.50- 0.95 ppm 
2,4-Dichlorophenoxyacetic acid (2,4-D, CAS No: 
94-75-7, 98% purity) 
Concentrafions, 60-150 ppm 
Leaf extract of neem {Azadirachta indica). 
Concentrations, 10-46 ppm 
Duration : 96 hr 
Type of treatment : Medium exposure 
Procedural details 
. Acute toxicity tests (96 h, LC50) were performed only on healthy fish making sure 
taking from stock in which there was little (<0.05%) per week) or no mortality for two 
weeks prior to experiment. 
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• PCP, 2,4-D and neem extract (NE) have low solubility in aqueous medium. A stock 
solution for each chemical was prepared (details in Chapter 1). 
• The comprehensive exposures consisted of 10 concentrations for PCP in a range of 
0.5-0.95 ppm. (in grades of 0.05) for 2,4-D 60-150 ppm (in grades of 10) and for 
neem (NE) 10-46 ppm (in grades of 4). These are shown in tables 2. 3 and 4. Separate 
negative control (control 1, tap water only) and solvent control (control 2. 0.2% 
ethanol) were set aside for comparison and shown separately in each table. 
• The acute toxicity tests were performed by medium treatment in all cases b> using 
intermittent tlow-through test (Adams, 1993). Toxicant and the dilution water replaced 
after regular interval of every 24 hr. 
• Groups of 10 fish were utilised for each concentrafion chemical. Treatments were 
given in polypropylene troughs by dissolving an appropriate amount of stock solutions 
in 50 1 of water (Table 2. 3 and 4). 
• Each experiment was performed in triplicate. 
• The general guidelines for the test conditions were maintained. A temperature of 
22±2" C. pH of water, 6.5-8.5, dissolved oxygen greater than 60% of saturation, 
hardness, 140-160 mg/1 as CaCOs was maintained throughout (Adams, 1993; EPA 
Guidelines, 1996). 
• All the variables as well as the test concentrations were measured at the beginning and 
end of the study. 
• Mortality of test organisms was recorded when opercular movements stopped. Dead 
individuals were removed instantaneously. 
• Accurate records of mortality counts were maintained at a regular interval of 6 hr till 
96 hr. 
Determination ofLCso and toxicity stress observation 
LCjo values were based on the cumulative mortality observed at the end of 
exposure period. LCso values and 95% confidence intervals (CI) were calculated b> 
probit analysis transformation method and by plotting graph of percent mortality (probit 
value) against log concentrations. The acute NOEL was determined by examining a set of 
the data and by setting the no-effect concentration as the highest concentration that did 
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not result in greater than 10% effect. The effect included mortality, immobilization or 
behavioural observations. Change in behavior related to stress and symptoms were also 
closely monitored during the course of experiment. 
Plotting a concentration-response relationsliip 
Concentration mortality data were plotted as a cumulative frequency distribution 
curve (% response versus log concentration). Lethal toxicity was initially calculated and 
compared at a specific mortality level, the most frequently used reference point was that 
concentration which caused 50% mortality in the population studied. All concentration-
response information were examined, including slope of the concentration-response line 
and 95% CI. 
RESULTS 
Determination ofLCso, CI and NOEL 
Graphic representations of the probit transformations for three candidate 
compounds are presented in figure 2-4 (a). No mortality could be observed in any of the 
control groups and at concentrations below 0.50 ppm of PCP. 60 ppm of 2.4-D and 10 
ppm of NE (neem extract). Nevertheless, mortality started at 0.55 ppm of PCP, 70 ppm of 
2,4-D and 14 ppm of NE. LC50 values, CI (95%) and NOEL respectively calculated are 
0.77 ppm (0.60-0.90). 0.55 ppm for PCP, 107 ppm (80-130). 70 ppm for 2.4-D and 28 
ppm (18-34), 10 ppm for NE (Tables 5). 
Analysis of concentration-response curve 
Typical sigmoid cumulative curve was not obtained by any of the three chemicals 
tested. The slope of the curve was close to a straight line with shallower slope (Fig. 2-4. 
b). However, a positive concentration-response relationship was confirmed in evei> case. 
as increase in concentration resulted in increase of mortality. 
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Evaluation on Toxic stress 
A number of adverse effects appeared in fish. Restlessness, swimming at the 
surface, vigorous jerking of the body, loss of balance, myotonia and anorexia were 
observed in higher concentrations. Incidentally some concentrations of PCP (0.70-0.95 
ppm), and of 2,4-D (120-150 ppm) were found to be lethal for the fish and showed 
tremors and coma. Severe poisoning terminated into death without struggle including 
other observable signs of congestion, edema and hemorrhages of the viscera. In case of 
NE. no sign of toxic stress could be recorded in any of the concentrations. 
DISCUSSION 
The intensity of the effect of any substance that is ingested or administered is 
proportional to the quantity of the substance involved and the frequency with which 
ingestion or administration takes place (Musch, 1996). Individual members of the same 
species and strain, have shown to differ in variable degrees with respect to biochemical, 
cellular, tissue, organ and overall characteristics (Ballantyne, 1992). Hence, the toxicity 
of chemicals to aquatic organisms can be influenced by various factors such as age, size 
and health of the species. Physiological parameters like water quality, temperature. pH. 
dissolved oxygen and turbidity, amount and kind of aquatic vegetation presenl. 
concentration and formulation of chemical and length of exposure are also important 
modifying factors (Young et al., 2000; EPA pesticide fact sheet, 2000; Zbinden and 
Flury-Roversi, 1981). 
PCP is found to be toxic to many species offish. The 96 h LC50 values recorded 
for this chemical are 68 (ig/1 in chinook, 52 \ig/l in rainbow trout, 205 |ig/! in fathead 
minnow. 68 \xg/\ in channel catfish and 32 |ig/l in bluegill sunfish (Johnson and Finlev, 
1980). Present value of LC50 for PCP is calculated as 0.77 ppm in C. punctatus. 
In rats and mice PCP-induced toxicity has been worked out in detail and for all 
possible applications- oral, dermal, sub-cutaneous and intraperitoneal and the ED o^ 
values shown to vary by a factor of 2. Easy absorption of PCP through membrane has 
been shown in various organisms like mice (129 mg/kg), rat (50 mg/kg), hamster (168 
mg/kg) and rabbit (328 mg/kg) (Renner, 1986; RTECS, 1980). An isolated stud> of PCP 
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in plant system in plant system Allium cepa shows the EC50 value as 0.73 ppm (Ateeq et 
al., 2002). 
Some studies using 2,4-D gave useful informations. For example aquatic 
invertebrates in general do not seem to be very sensitive to 2,4-D. Some formulations of 
2,4-D are reportedly very toxic (e.g. esters) than the others. A wide range of LC50 (1.0 
mg/1 to 100 mg/1), for example, in cutthroat trout is said to be the result of the 
formulations used (NRCC, 1978). In the present studies, the LC50 values by 2,4-D was 
recorded as 107 ppm. These doses represent the values assuming that no reaction between 
PCP or 2,4-D with the medium is involved. 
Studies on the extract of different parts of the neem in different aquatic and 
terrestrial organisms are interesting, informative and abundant. For example freeze-dried 
aqueous extract of stem bark gave 96 hr LC50 value of 15.1 mg/1 in fish, Aphyosemon 
giardneri (Osuala and Okwuosa, 1993). Toxicity of neem based insecticide to certain 
aquatic organisms is known to be found lethal in all test organisms at concentration of 
10-20 ppm within 5-9 days (el-Shazly and el-Sharnoubi, 2000). The LC50 value of neem 
oil at 24 hr for O. niloticus and carp Cyprinus carpio, determined under greenhouse 
conditions (aquarium) are 1124.6 ppm and 302.7 ppm respectively. Contrary to these 
observations, Jayaraj (1992). reported no mortality in O. mossambicus following 
application of the neem oil 50% EC at <0.01%. In a study, acute toxicity of azadirachtin 
(AZA). neem extract and neem based products were tested in chinook {Onchorhynchus 
tshawytscha), coho {O. kisutch) and rainbow trout (O mykiss). The LC50 value for coho 
by AZA was recorded > 4 mg/1 (Wan et al., 1996). 
Similar studies using a variety of other chemicals in many of the * species have 
also been made. For example, toxicity studies in catfish H. fossilis by carbaryl, malathion 
and ammonium sulfate has been reported by Singh et al., (1984) and Banerjee, (1993) as 
also the LCso value of carbaryl in another catfish C. batrachus (15.08 mg/1. 96 hr) where 
perturbations at the level of certain biochemical components is reported (Sharma. 1999). 
LCjo values in zebrafish {Danio rerio) for organophosphorous pesticide (OP), parathion 
and 1,2,3- trichlorobenzene (123TCB) were respectively calculated as 1.94 mg/1 and 1.85 
mg/ 1 (Roex et al., 2002). Similarly, the 96 hr LC50 values were 28.1 mg/ 1 for zebrafish 
and 15.3 mg/ 1 for rainbow trout in arsenic exposures (Tisler and Zagore-Koncan. 2002). 
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Farrel et al., (1998) carried out acute toxicity test of polyphase P- 100 in some species of 
fish as well as in aquatic invertebrates and LC50 recorded in coho embryo (1320 ppb). 
juvenile rainbow trout (100 ppb), juvenile starry flounder (370 ppb) and Daphma (40 
ppb) are now known. Likewise, few acute toxicity studies in Channa punctatus were also 
carried out and LC50 values for malathion (4.51 mg/1, 96-h), endosulfan (5.78 mg/1. 96-h). 
carbaryl (8.71 ppm. 48-h) and phenthoate (0.473 ppm, 48-h) are on record (Rao et al.. 
1985; Haider and Inbaraj. 1986). But no study with respect to 2.4-D, PCP or NH is on 
record with respect to this fish. 
In a comparative study on LC50 values, PCP is found to be more toxic than 2,4-D 
or NE in C. punctatus. The LC30 value of the former is relatively lower (0.77 ppm) than 
the rest of two (2.4-D, 107 ppm, NE, 28 ppm). 
On the other side, concentration-response relationships are fundamental 
consideration in toxicology. There are several important elements to the concentration-
response curve that require considerations while interpreting its toxicological 
significance. 
The majority of responding individuals do so symmetrically about the mid point 
(i.e. the 50% response value). The slope of the concentration-response curve, more so 
around the median value, indicates the range of concentrations producing an effect. It 
reflects how greatly the response will be changed when the concentration is altered. A 
steep slope indicates that a majority of the population will respond over a narrow range 
concentration, while relatively a flatter or shallow slope indicates that a much wider 
range of concentration is required to affect the majority of the population. Further, at the 
left side of the curve, organisms respond at low concentration and, constitute a 
hypersusceptible or hyperreactive group, while at the right side of the curve, organisms 
respond to higher concentrations and constitute a hyposusceptible or hyporeactive group. 
The dosage response curve is often linearly transformed into a log-probit plot 
because it permits the examination of data over a wide range of dosages while allowing 
certain mathematical procedures e.g. calculation of confidence limits and slope of 
response. However, the shape of the concentration-response curve and its extreme 
portions, depends on a variety of endogenous, as well as exogenous factors, such as 
cellular defense mechanism and reserves of biochemical function (Ballantyne. 1992). 
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Shallow slopes as observed in current studies indicate that effective concentration range 
was widespread for all the chemicals tested. 
Other parameters of stress signals can further vindicate the toxicity responses. It is 
widely accepted that the stress, as a whole is characterised by physiological changes. 
These physiological changes tend to be similar for stressors and as varied as anesthesia, 
flight, forced swimming, disease treatments, handling, scale loss, or rapid temperature 
change (Wedenmayer and McLeay, 1981). The stress responses in fish show many 
similarities as in terrestrial vertebrates. Stressors generally increase the permeability of 
the surface epithelia, including gills to water and ions and thus induce hydromineral 
disturbances. As the fish are exposed to aquatic pollutants by the extensive and delicate 
respiratory surface of the gills, these analysis, therefore, are more vital than mammals. 
The high bioavailability of many chemicals in water is an additional factor for aquatic 
animals (Wendelaar Bonga, 1997). 
PCP induced stress appeared well below the LC50 concentrations in the present 
observation comparison to 2,4-D, where the stress responses were observed at > LC50 
concentrations. NE showed no stress sign at any concentration, the observation is in 
confirmity to earlier observation where no signs of stress e. g. coughing, physical 
disorientation nor state of morbidity of coho test fish were observed at the highest test 
concentration of 4 mg/1 AZA (Wan et al., 1996). 
In toxicity tests, it is traditional to use 95% confidence interval (CI); the narrower 
the CI, more precisely the LC50 estimated (Chanter and Heywood, 1982). Materials with 
differing LC50 values but overlapping 95% CI could not be regarded as having 
significantly different lethal toxicity. Where there is no overlap of 95% CI, the materials 
are considered to have significantly different lethal toxicity at the level of LCjd 
(Ballantyne. 1992). PCP. 2,4-D and NE, all had different lethal toxicity and different 
LC50 values with no overlapping of 95% CT in the present study. 
The concentrations below which no effects occur, are referred to as the "threshold 
cencentrations". This concept, a corollary of the concentration-response relationship, is 
important as it implies that it is possible to determine a no-observable effect level 
(NOEL) which can be used as basis for assigning "safe levels' of exposure (Chanter and 
He> wood. 1982). However, NOEL as toxicological endpoint is not determined 
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Statistically, this practice can not reflect good science. A standardised approach for 
determining the no-effect concentration is needed (Adams, 1993). 
Nonetheless, lethal tests are first step in determining the toxicity of a pollutant or 
the relationship between chemical structure and toxicity. At sub-lethal levels, fish tests 
are useful for pollution control and are reinforced by the present study. 
The future of fish toxicology requires the application of short sub-lethal 
laboratory tests to the field to assess the real world situations and test the predicted lab 
effects. The study on the acute toxicity with aquatic organisms is expected to help 
assessment of possible risk to similar species in natural environments. It is an aid in 
determination of possible water quality criteria for regulatory measures, and for use in 
correlation with acute toxicity testing of other species for comparative purposes (EPA 
Guidelines, 1996). 
A large amount of published evidence is available, which recommends LC50 for 
prcliminan,' exploration to establish initial estimates of the toxicity of a substance under a 
set of experimental conditions (EPA Guidelines, 1996; FaiTcll et al., 1998; Roex et al., 
2002; Tislcr and Zagorc-Koncan. 2002). Determining LC50 values by acute toxicity 
testing facilitates the comparison with the available information. For freshwater 
organisms, it is imperative to calculate concentration of the test chemical that produces 
acute l('\)cii\. ,so thai sub-lethal conccntralidii ol~the chemical is known at the ver)' onset 
oj" genoioxicity experiments. No observable effect level (NOEL) had also been used as 
the basis for assigning 'safe lc\cls" of exposure b> several investigators (Chanter and 
lleywood. 1982; EPA Guideline. 1996; i'arrell et al.. 1998). 
Data on page 38,39 and 40 sho\\s the relationship between different 
concentrations, percent mortalil) records and their respective probit values. These values 
were used to draw the concentration-response cur\'e and the graph of probit and log 
concentration (1-igures 2, 3 and 4), I he data on page 44 represents the calculated LC50 
values, confidence intervals (95% CI) and NOI:L concentrations for the test compounds 
used in the study. The statistical approach and the data range is in agreement with those 
reported in the existing literatures (Chanter and Heywood. 1982: EPA Guideline, 1996; 
Farrell et al., 1998). 
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Table 2. Showing the percent mortality and their rcspcclivc probit values obtained by 
acute toxicity testing by various concentrations of PCP in Channapunctatus. 
Test Stock solution Final cone. Log Mortality 
chemical (ml) added in (ppm) cone. (%) 
50 1 water 
I'robil 
value 
Cont. 1 
Cent. 2 
PCP 
-
-
25 
27.5 
30 
32.5 
35 
37.5 
40 
42.5 
45 
47.5 
-
-
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
•0.30 
•0.25 
-0.22 
•0.18 
•0.15 
-0.12 
-0.09 
-0.07 
-0.04 
-0.02 
6.67 
16.67 
23.34 
36.67 
46.67 
53.34 
66.67 
80 
100 
3.52 
4.05 
4.26 
4.39 
4.92 
5.08 
5.44 
5.84 
Cont. 1, Negative control (tap water) 
Cont. 2, Solvent control (0.2% ethanol) 
Table 3. Showing the percent mortahty and their respective probit values obtained by 
acute toxicity testing by various concentrations of 2,4-D in Chcmnapunciatm. 
Test 
chemical 
Cont. 1 
Cent. 2 
2,4-D 
Stock solution 
(ml) added in 
50 1 water 
-
-
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
Final cone. 
(ppm) 
-
-
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
Log 
cone. 
-
-
1.77 
1.84 
1.90 
1.95 
2 
2.04 
2.07 
2.11 
2.14 
2.17 
Mortality 
(%) 
0 
0 
0 
10 
16.67 
33.34 
40 
56.67 
73.34 
80 
86.67 
100 
Probit 
value 
-
-
-
3.72 
4.05 
4.50 
4.75 
5.18 
5.61 
5.84 
6.13 
-
Cont. 1, Negative control (tap water) 
Cont. 2, Solvent control (0.2% ethanol) 
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Table 4. Showing the percent mortality and their respective probit values oblaiiicd by 
acute toxicity testing by various concentrations of ncem extract (NO) in C'hanna 
punctatus. 
Test Stock solution Final cone. Log 
chemical (ml) added in (ppm) cone. 
501 water 
Mortality Probit 
value 
Cont. 1 
Cont. 2 
NE 
-
-
50 
70 
90 
110 
130 
150 
170 
190 
210 
230 
-
-
10 
14 
18 
22 
26 
30 
34 
38 
42 
46 
-
-
1 
1.14 
1.25 
1.34 
1.41 
1.47 
1.53 
1.57 
1.62 
1.66 
0 
0 
0 
3.33 
16.66 
26.66 
40 
53.33 
60 
73.33 
83.33 
100 
3.12 
4.05 
4.39 
4.75 
5.08 
5.25 
5.61 
5.95 
Cont. 1, Negative control (tap water) 
Cont. 2, Solvent control (0.2% ethanol) 
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Figure 2 Graphic representation of log concentration versus the probit value of the 
percent mortality determining LC50 (a) and concentration-response curve (b) in Channu 
punctatus by PCP. 
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Figure 3. Graphic representation of log concentration versus the probit value of the 
percent mortality determining LC50 (a) and concentration-response curve (b) in Channu 
punctatus by 2.4-D. 
42 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
a 
114 125 134 141 147 153 157 162 166 
Log Concent ra t ions Neem (ppm) 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
I 
I 
t 
o 
S 
114 125 1.34 1.41 1.47 1.53 157 162 166 
Log Concentrations neem (ppm) 
Figure. 4 Graphic representation of log concentration versus the probit value of the 
percent mortality determining LC50 (a) and concentration-response curve (b) in Channa 
punctatus by neem extract (NE). 
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Table 5. Calculated 96 hr LCso values, 95% CI and NOEL concentrations for PCP. 2.4-D 
and neem extract (NE) in Channa punctatus. 
Test Chemical 
PCP 
Duration 
hr 
96 
LC50 
ppm 
0.77 
CI 
95% 
(0.65-0.90) 
NOEL 
ppm 
0.55 
2.4-D 96 107 (90-130) 70 
NE 96 28 (22-38) 
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Chapters 
INTRODUCTION AND REVIEW OF GONADOSOMATIC INDICES 
(GSI) AND HISTOPATHOLOGICAL ALTERATIONS OF GONADS BY LIGHT 
AND ELECTRON MICROSCOPY 
The ability to measure biochemical, physiological and morphological changes qualitatively or quantitatively in the organism prior to death, can provide early 
indications of toxicity and valuable insights into its mechanism. Histopathology can serve 
this purpose. It is the study of the structure of abnormal tissues (Mayers and Hendricks, 
1985). As an indicator of exposure to contaminants, histopathology represents a useful 
tool to assess the degree of pollution, particularly for sublethal and chronic effects. The 
histopathological studies in fish exposed to pollutants have given ample evidence of this 
(Barlas, 1999). 
Although major advances have been made in recent years, the histology and 
histopathology of fish and aquatic invertebrates are still infant sciences as against 
counterparts with mammals. Though atlas of normal histology for the rainbow trout 
(Anderson and Mitchun, 1974) and the channel catfish (Grizzle and Rogers. 1976) is 
available, fish histopathology mostly dependents on basic mammalian histopathology that 
is applicable to all living tissue. Investigafions of ultrastructural changes other than those 
of neoplasia are equally improtant for gaining insight into the environmental impact of 
various toxicants (Mayers and Hendricks, 1985). 
Studies on histopathology proves that Salmo giardneri being sensitive to many 
toxic compounds used in these studies for some obvious reasons such as. easy to rear, and 
provide sufficient tissue given to its size. Several fish species are used now including the 
channel catfish. Ictalurus punctatus; goldfish, Carassius aunitus\ carp, Cyprinus carpio: 
bluegill, Lcpomis macrochirus etc. Several species of small aquarium fish have become 
popular for researches like .Japanese medaka, Oryzias latipes; guppy. Labisles reliculaliis 
etc. (Meyers and Hendricks. 1985). 
Several histological changes related to lamellae have been reported in fish gills 
exposed to different pesticides (Gill et al., 1988; Richmond and Dutta, 1989; Erkmen et 
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al.. 2000). Chronic exposure to nitrate showed a correlation between changes in enzyme 
activity and histological changes in the liver of Clarias batrachus (Michael. 1987). 
However, malathion exposed H. fossilis also showed histopathological changes in liver 
(Duttaetal., 1993). 
Earlier, various forms of histopathological changes in the testes of tlsh have been 
reported, such as stimulation of spermatogenesis and exhaustion atrophy, development of 
ova like cells within follicles, general atrophy and hypospermia (lower mean index of 
spermatogenic development), necrosis of tubular boundary cells with hemorrhage, 
vasodilation and congestion, increased numbers of infilterating macrophages with 
phagocytosed debris, necrosis of primary germ cells with atrophy of seminiferous 
tubules, fibrosis and infilteration of mononuclear inflammatory cells with 
organochlorines, kuron (Wood, 1975 as cited in walsh and Ribelin, 1975); miscellaneous 
herbicides, hydrothol 191 (Eller, 1969); miscellaneous compounds, TEPA (Stock and 
Cope, 1969); including heavy metal sah, CdCli (Sangalang and O'Halloran, 1972; 
Tafanelli and Summerfelt. 1975). 
In similar studies, hyperplasia of germinal epithelium, envolution of some ova. 
decreased frequency of oocyte maturation, cytoplasmic clumping, and fragmentation and 
karyolysis of ova have been observed in fish by a variety of chemicals: organochlorines. 
Arochlor 1254 (Sivarajah et al., 1978); endrin (Eller, 1971); heavy metal salts, CdCN 
(Tafanelli and Summerfelt. 1975) and NaAs02 (Gilderhaus, 1966). Studies b> y-BHC 
arrested hepatic lipogenesis as well as translocation of those lipids to ovary by impairing 
GnRH and GTH acting through hypothalamo-hypophyseal-ovarian axis in this species 
(Singh and Singh. 1992). The effect of textile mill effluents was most spectacular b> the 
complete karyolysis of nuclei and disappearance of chromatin reticulum and the nucleoli 
in oogonia of// fossilis (Murugesan and Haniffa, 1992). 
Nuclear blebbing is one of the most prominent sign of histopathology. Ihe 
oocytes of Clarias batrachus due to poison treatment, nutrient deprivation, irradiation 
and thermal treatment showed blebbing (Misra and Munnet, 1978). Other abnormalities 
such as cytoplasmic and nuclear vacuolation are also common. It is due to shrinkage of 
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nucleus. In extreme cases, whole yolk nucleus may disappear leaving just a spherical 
vacuole. 
It is generally found that metal contaminants like AI and Cd interfere with fish 
reproduction by inhibiting vitellogenin m-RNA expression in vitro culture of hepatocytes 
of rainbow trout (Hwang et al., 2000). The suppressive effects of stress on reproduction is 
marked in non salmonoids, typically reflected in rapid fall of testosterone and 17p-
estradiol in plasma and, in females the onset of ovarian atresia (Carragher and Pankhurst. 
1991; Clearwater and Pankhurst, 1997; Morehead, 1998; Haddy and Pankhurst, 1999; 
Pottinger et al., 1999). The stress does not involve inhibition of gonadotropin secretion 
but possibly acts at the level of gonadotropin signal transduction (Pankhurst and van der 
Kraak, 2000). Fathead minnow exposed to aromatase inhibitor fadrazole, indicate a 
decrease in mature oocytes and increase in preovulatory atretic follicles (Ankley et al., 
2002). Similarly, in another study on N-ethyl-N-nitroso-urea exposed zebra fish showed 
ovaries containing degenerating oocytes surrounded by hypertrophied follicle walls, 
extrafollicular tissue proliferation, proliferating postovulatory follicle walls and large 
numbers of degenerating pre- and postovulatory oocytes (Bauer and Goetz. 2001). 
Man> studies have been done using test chemicals presently used. Thus 
histopathological effects of PCP in the ovary of teleostean fish H. fossilis was observed 
and many effects on peritoneal lining, cytoplasm of immature oocytes, yolk vesicle of 
maturing oocytes along with disintegration of cortical alveoli and yolk globules were 
observed. These results suggested a great sensitivity of PCP, enough to inhibit ovarian 
recrudescence in fish (Ateeq et al., 1999). Assessment of potential testicular toxicity of 
PCP and other related compounds in mouse suggested other abnormalities like abnormal 
sperm, sperm count abnormality and testicular weight difference (Osterloh et al., 1983). 
In fish comparafively, most lesions have been extremely non-specific and merelv 
indicative of toxic insult (Meyers and Hendricks, 1985). This exposure to 2,4-D resulted 
in non-specific microscopic lesions in gills such as epithelial hyperplasia with lamellar 
fusion, epithelial hypertrophy, general necrosis etc. and lesions in intestine and spleen 
(Walsh and Ribelin, 1975). 
47 
Ph D I'hesis / ^ ^ \ fiiMnpaiholo^iidlSnulii'\ 
h'arah MA va.y?'*' 
Studies on mammals are more frequent but results are contraray. The sub chronic 
and chronic exposure to 2,4-D. dimethyl amine salt and 2, ethyl hexyl ester in mice and 
rat showed no histopathologic alterations in the testis at any dose (Charles et al., 1996. 
1996. 1996) It is clear from the large amount of data available that 2,4-D, its salts and 
esters are not teratogenic in mice, rats or rabbits unless the ability of the dam to excrete 
the chemical is exceeded. There are many investigations on reproductive outcomes in 
humans exposed to 2.4.5-T and to mixture of 2,4-D and 2,4,5-T (lARC, 1997). 
Studies on metal toxicity are relatively better taken care of Some reports on 
histopathological studies in freshwater teleost ('. punctatus on effects of mercuric 
chloride and lead nitrate intoxication on the digestive system were are the pointer to this 
(Sashtry and Gupta. 1978a, b). A study by Ram and Sathyanesan (1983), effect of 
mercuric chloride on the reproductive cycle of the C. punctatus showed with histological 
changes occuring in the ovary, testis and pituitary in a long exposure. Later, the same 
investigators had studied ammonium sulphate induced nuclear changes in the oocytes 
(Ram and Sathyanesan, 1986). The effect of eldrin on the histopathological changes in 
liver was also observed (Sashtry and Sharma, 1978). 
Most of the pathological changes discussed in preceding text are observed under 
light microscopy. But degenerative changes inside the cells, of nucleus, organalle need 
TEM studies, for example, the degenerative changes within a cell, terminating in cell 
death or necrosis is specially true where intracellular membranes become damaged, 
allowing hydrolytic enzymes to leak out from ruptured lysosomes to further destroy cell 
integrity. These changes include pyknosis, karyorhexis, karyolysis and even absence of 
the nucleus. While neoplasia is the pathological transformation of a normal host cell 
resulting in uncontrollable proliferation into new cells which resembles the original host 
tissue but lack normal histological architecture or normal cellular function. Most of the 
ultrastructural neoplastic changes cannot be recognised by light microscopy (LM) and 
therefore defined in Transmission Electron Microscopy, TEM (Meyers and Hendricks. 
1985). Apoptosis, genetically programmed outcome of a chemical exposure, has been 
greatly helped by TEM in understanding its key morphological features on cellular level 
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Morphologically apoptosis is characterised by chromatin condensation, cell 
shrinkage, fragmentation of nucleus and cytoplasm, resulting in the formation of several 
sealed packets called apoptotic bodies (Wyllie et al., 1980; Arends and Wyllie, 1991; 
Cohen et al., 1992; Danon and Gallois, 1998). It is involved in the sculpting and 
remodeling of animal tissues. This 'programmed cell death' mechanism has been driven 
primarily by the recognition of its role in the progression of pathological conditions such 
as cancer, autoimmune disorders and premature ovarian failure. The extensive tissue 
remodeling associated with the cyclicity of ovarian development has established the 
vertebrate ovary as an informative model for the study of apoptosis (Wood and Van der 
Kraak, 2000). Using rainbow trout and goldfish as experimental models. Wood and Van 
der Kraak (2000), investigated the role and control of apoptosis during ovarian 
development in fish. 
In the testis where the significant germ cell degeneration was known during 
normal spermatogenesis, has recently been found to involve apoptosis (Brinkworth et al.. 
1995; Blanco-Rodriquez and Martinez-Garcia, 1996). This is found to occur even when 
germ cell degeneration is caused testicular toxicants and chemotherapeutic compounds, 
cyclophosphamide (Cai et al., 1997) and mitomycin C (Nakagawa et al.. 1997). 
Doxorubicin induced male germ cell apoptosis in rats (Shinada et al., 1999) and female 
germ cells or oocytes in vivo (Perez et al., 1997). 
Apart from histopathological alterations, many toxic substances are known to 
affect the gonads causing inhibition of gonadal growth (Singh, 1988; Kocan and Landolt, 
1989). Gonadosomatic index (GSl) and oocyte growth was found significantly reduced in 
lead exposed rainbow trout (Ruby et al., 2000). Exposure to mercuric chloride inhibited 
the growth of testis and ovary of C. pimctatus, inspite of the favourable environmental 
condition of the breeding season (Ram and Sathyanesan. 1983). Ovarian growth was also 
inhibited by ammonium sulphate using the same model (Ram and Sathyanesan, 1986). In 
other fish C. hatrachus, toxic effects of organic mercurial fungicide showed ovarian 
recrudescence and the reduction in GSI (Kirubagaran and .foy, 1988). 
The present chapter is dedicated to the analysis of histopathological effects with 
reference to apoptotic changes in the gonads, in the testis and ovary processed form 
49 
Ph D Ihesis / ^ _ ^ ^ 
Karah MA H y w l ^ 
Hisuipaihiilo^K III Sliii/ic 
exposed and control fish, C. punctatus, at the level of LM and TEM. Gonadosomatic 
indices are also proposed for estimating the inhibition of gonadal growth, if any. 
PROTOCOL FOR DETERMINATION OF GSI AND HISTOPATHOLOGY BY 
LIGHT MICROSCOPY (LM) AND TRANSMISSION ELECTRON 
MICROSCOPY (TEM) 
Fish : Channa punctatus (Total number- 270 for GSI 
studies and 108 for LM and TEM studies), taken 
from acclimatized homogenous stock. 
Chemical : Pentachlorophenol (PGP, GAS No: 87-86-5, 99% 
purity); concentrations, 0.2, 0.4, 0.6 ppm 
2.4-Dichlorophenoxyacetic acid, 2,4-D (GAS No: 
94-75-7, 98% purity); concentrations, 25, 50. 75 
ppm 
Duration : 30, 60, 90 days for GSI studies and 48, 72. 96 hr for 
LM and TEM studies. 
Type of treatment : Medium exposure 
Solutions for LM 
Bouin's fixative 
Picric acid in saturated solution in distilled water 75 ml 
Formaldehyde 40% 25 ml 
Glacial acetic acid 5 ml 
Alcohol 
30, 50, 70, 90% and absolute 
Xylene 
Paraffin wax (melting point, 60-62" C) 
Egg albumin 
Stain 
Haematoxylin (aqueous) 
eosin (alcoholic, 70%)) 
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DPX mountant 
Solutions for TEM 
Karnovsk.y"s fixative 
glutaraldehyde (CsHgOj, 4%) 
Paraformaldehyde (CH2O, 1%) 
0. ] M phosphate buffer (pH-7.4) 
Osmium tetraoxide (1%) 
Acetone 
Toluene or Epoxy propane 
Embedding media 
AralditeCY212 10 ml 
Dodecenyl succinic anhydride (DDSA) 10 ml 
2,4,6-tridimethyle aminomethyl phenol (DMP-30) 0.4 ml 
Dibutyl phthalate 1.0 ml 
Above ingredients were mixed and stirred vigorously, air bubbles allowed 
to settle down before use. 
Stians 
Methylenblue(l%) 
Uranyl acetate 
Lead citrate 
Xylene 
DPX 
Chloroform 
KOH pellets 
Statistical analysis : Student's/test 
Experimental design for GSI studies 
. Experiments for GSI studies were started in the month of March, when the gonads are 
in the resting phase of the gonadal cycle. 
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. Exposed group consist of 90 adult fish (45 males and 45 females) each for PCP and 
2.4-D (total 180). 
• Control group having negative, solvent and positive controls consisted of 30 fish each 
15 males and 15 females (total 90 fish). 
• Exposure was given for 30, 60 and 90 days in both groups. 
• Fish were fed on alternate days to avoid the effect of starvation and water changed 
daily by maintaining the concentration of chemicals. 
• 20 extra fish were added to each experimental group, so that at the end of particular 
duration total 5 male and 5 female fish made available alive excluding natural 
mortality for each concentration. 
. After the completion of a specific interval, body weight of each fish was determined, 
testes and ovaries dissected and weighed. 
• Same practice was followed for the control groups. 
. The GSI of the fish was calculated by: 
Toial weight of gonad 
GSi(%}= X 100 
Bodv weigjbtl - total weight of gonad 
Experimental design for LM and TEM studies 
. A lot of 108 fish divided into 4 experimental groups exposed, negative, solvent. 
positive. 
. Exposed group consisted of a total 72 fish, 36 each for PCP and 2,4-D, 12 fish per 
duration. 
. The other 3 groups consisted of negative, solvent and positive controls of 12 fishes 
each (total 36). 
• At the end of each specific interval (48. 72, 96 hr). 4 fish (2 males and 2 females) per 
duration from each exposed group were sacrificed and a small mid piece of the ovary 
and testis were immediately excised and processed for light and electron microscopic 
preparation. 
• The same practice was followed for control at the termination of each specified time 
interval. 
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Sample preparation for LM 
Fixation: Testis and ovary of controls and exposed fish were kept in Bouin"s fixative 
overnight (18-24 hr) fixation in separate glass vials with proper labelling of the tissue, 
concentration and duration. Tissue specimen kept to small size (0.5 cm ) and squarish 
to promote rapid penetration. 
Washing and dehydration: To remove the traces of Bouin's fixative, repeated 
washing with distilled water was done until the yellow colour of the tissue was 
completely eliminated. It was followed by dehydration in the same tube in the 
ascending grade of alcohol through 30, 50, 70 and 90% alcohol and absolute alcohol. 
Tissue was kept for 30 min in each grades and 2 changes of absolute alcohol were 
done. 
. Clearing of tissue: Tissue was cleared in xylene for 15-20 min, so that it became 
completely transparent. Tissue was not left in xylene for long time, to avoid 
brittleness. 
. Paraffin infiltration and embedding'. Paraffin wax (melting point 60 - 62" C) was 
used for infiltration of tissue. Wax was filtered in molten state by keeping in oven 
itself Before infiltration, tissues were left in xylene and paraffin (1:1) at 60" C for 15 
-20 min. The molten wax was poured into the paper boat and when 1/3'^  of the total 
height of wax solidified, tissue was embedded by keeping right orientation. Blocks 
were allowed to harden at room temperature. 
. Trimming and mounting of block'. The harden blocks were trimmed by scrapping b\ 
a blade, approximatel) 5-8 mm wax was left along the tissue. Duely trimmed block 
was carefull> fixed on the block holder of the microtome, facing the correct 
orientation. 
. Section cutting: Blocks were sectioned as ribbons at a thickness of 5 fim. Good 
sectioning was achieved at knife angle of 45". Ribbon of selected sections of about 1 
inch long were placed on the slides pre smeared with egg albumin. Little amount of 
distilled water was poured onto the slide, so that the ribbon pieces floated. 
Stretching of sections: Slides having floating sections were carefully placed on the 
hot plate. Stretching took place because the water, on which the ribbon floating, got 
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warmed and soften the wax, removing wrinkles. Excessive water drained off by tilting 
the slides leaving ribbons adhered. 
. Staining: Slides were processed with the routine nuclear cytoplasmic stain, 
haematoxylin and eosin. rendering the nuclei blue and cytoplasm pink. (Please see 
Flow chart of haematoxylin-eosin staining). 
• Slides were observed under light microscope, NIKON (fitted with camera) at 1 OX eye 
piece and 45X objective, for abnormalities, lOOX objectives (oil immersion) was used. 
Sample preparation for TEM 
The protocol followed for sample preparation of TEM were of Hayat (1970) and Culling 
(1985). 
• Fixation in Karnovsky'sfluid: Fixation is critical and first step in the preparation of 
the biological samples for TEM study. This was done in Karnovsky's fixative. 
Penetration ability of fixative being poor, the size of the tissue 1 - 2 mm thick was 
taken. Fixation was carried out at 4" C for 24 hr. 
. Washing: After fixation specimens were rinsed thoroughly to wash off the excess 
fixative with 0. IM sodium phosphate buffer (pH 7.4). 
. Post Fixation in osmium tetraoxide: Specimen post fixed in 1 % OSO4 for 2-4 hr at 4" 
C. It helps increasing the heavy metal content of specimen and exhibit electron density 
under an electron beam. 
. Final washing: Specimen were rinsed thoroughly with O.IM sodium phosphate buffer 
(pH 7.4) to wash off excessive fixative. Proper washing was done because osmium can 
be reduced by many of the dehydrating agents, acetone or ethanol, leading to 
precipitate formation on the surface of sample. 
. Dehydration: The water from the tissue was removed by passing it through a series of 
ascending concentrations of acetone. Dry acetone is considered as 100% acetone and 
was prepared by sufficient amount of anhydrous copper sulphate to absolute acetone. 
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Slides were dewaxed with xylene 
(2 changes, 15 and 5 min) 
II 
slides transferred to xylene and absolute alcohol (1:1) 
(for 5 min) 
hydration from absolute alcohol to descending grades of alcohol 
90, 70, 50, 30% (for 5 min each) and 2 changes in distilled water 
H 
haematoxylin staining (for 5-10 min) 
0 
Dehydration from ascending grades of alcohol 
H 
30, 50, and 70% (5 min each) 
Counter staining in eosin (15 sec) 
d 
Slides proceeded to 90% alcohol (15 min) 
{1 
Absolute alcohol (2 changes, 10 min each) 
Absolute alcohol and xylene (1:1,5 min) 
H 
Clearing in xylene (10 min) 
U 
Mounting in DPX 
Flow chart of haematoxylin - eosin staining for light microscopy. 
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. Clearing: Clearing was done by toluene or epoxy propane in pure form to completely 
remove the water and facilitate penetration of resins. 
. Infiltration: It was carried out by gradually decreasing the concentration of clearing 
agent and proportionately increasing the concentration of embedding media. This can 
be accomplish by infiltrating resins into the tissues and further hardening it, in the 
following order: 
- 1 part embedding media + 3 parts toluene- 1 hr (can be left overnight) 
- 2 parts embedding media + 2 parts toluene- 1 hr 
- 3 parts embedding media + 1 part toluene- 1 hr (under vacuum) 
- Pure embedding media- 1 hr 
- Pure embedding media- 1 hr at 50" C. 
• Embedding: Beem capsule was filled with embedding media, and tissue careful 1\ 
placed into it. Paper labels written in pencil were put along the side of the wall of the 
capsule. 
• Polymerisation: Polymerisation was carried out in an incubator. Heated 40-50" C. 
embedding media became less viscous and facilitated maximum penetration into the 
tissues. The temperature increased to 60" C, so that resin become hardened in 24-48 
hr. After the polymerisation was completed, blocks were removed from the capsule by 
cutting it with razor blade. 
• Trimming of blocks: Blocks were fitted on the microtome and all the sides trimmed 
with the help of clean razor. A pyramid or trapezium was formed at the tip of the 
block where the tissue was located. Pyramid form was flat and free from plastic 
debris. 
• Ultramicrotomy: Reichert "Ultracut E' microtome was used for ultramicrotomy. Glass 
knives (Belgium glass strips) were used for sectioning. Trough was placed behind the 
edge of glass knives were, which ends at the same height as the knife edge. Boat water 
was sealed by using nail enamel. Semi thin secfions (0.5|im) were cut for screening 
the tissue under light microscope. This enabled to choose area of interest for ultra thin 
sectioning. Semi thin sections were floated on the water and were lifted with a glass 
rod and placed on clean glass slide, and the later kept on hot plate at 80" C for 
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Stretching. Slides were stained in 1% methylene blue for 30 sec, washed with distilled 
water and mounted in DPX. When the area of interest was selected, block was further 
trimmed. Fresh glass knives used for ultra thin sectioning. Ultra thin sections showed 
interference colours while floating on the water surface of troughs, to determine the 
thickness following criteria were considered. 
Grey: 60 nm, optimal for high resolution work 
Silver: 60-90 nm, ideal for most purpose 
Gold: 90-150 nm, useful for low magnification and autoradiography 
Ultra thin sections of gold Hue were floated on the water surface and stretched b\ 
exposing them to chloroforms or xylene vapours. The sections were lifted from below 
on specially made copper grid using the matted surfaces, which affords sticking of the 
sections firmly. Usually 100-300 mesh or holed grids were used. 
Staining ultra thin sections: Double staining method using inorganic heavy metal 
stains uranyl acetate and lead citrate was followed, it increased electron opacity and 
thus, higher contrast and better resolution was achieved. Grids were stained in 
saturated uranyl acetate solution for 10 min, washed with distilled water and counter 
stained in 0.3% lead citrate for 10 min. Extensive precautions were taken during lead 
citrate staining, because it may react with atmospheric carbon dioxide and form lead 
carbonate crystals on section surface. For avoiding it KOH pellets (CO2 scavengers) 
were used in the vicinity of staining. Grids were washed with distilled water, dried on 
fine filter paper, and stored in dust free boxes. For studying sections, transmission 
electron microscope (Phillips CM 10 Holland), was used and photographed the desired 
area. 
RESULTS 
Observation on Gonadosomatic index 
The calculated GSI values for exposed (PC? and 2,4-D) and controls in male and 
female are presented in Table 6 and 7 respectively. A comparative account of GSI at 
different time intervals and concentrations are shown in figure 5 (a, b) for PGP and figure 
6 (a, b) for 2,4-D. The normal pace of gonadal growth was uninterrupted in control fish 
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and markedly altered in exposed fish. A significant decrease in GSI values in exposed 
forms compared to the controls was observed. 
The gonadal cycle of C. punctatus is divided into five growth phases, namely 
stages I, II. Ill, IV and V, which are typical of the teleosts. They denote resting, 
recrudescence, preparatory, mature and depleted phase respectively. 
GSI after 30 days, at highest concentration (0.6 ppm) was calculated as 1.35 ± 
0.29 and 1.02 ± 0.25. for control in PCP and for tesfis as 0.061 ± 0.022 and 0.046 ± 
0.026. Continued decrease along 90 days exposure, in ovary (2.38 ± 0.29 and 1.32 ± 
0.20) and testis (0.160 ± 0.029 and 0.098 ± 0.020) was evident. All values were 
significant at p<0.05. 
Likewise, 2,4-D also inhibited the gonadal growth in a significant manner and 
GSI of ovary of control and exposed fish at highest concentration (75 ppm) and that of 
testis at the same concentration. 
This drop is concentration dependent, such that as the concentration increased 
GSI decreased. Between the two chemicals, PCP was found to affect the gonadal growth 
more significantly than the 2,4-D. 
Histopathological observations 
Light microscopy of testis 
The testis of C. punctatus is an elongated organ, predominantly composed of two 
tubules, the peripheral seminiferous tissue and central glandular mass. The seminiferous 
tubules are made up of a single layer of interstitial glandular cells. Histologically, the 
normal testis is characterised by the presence of long, branched, seminiferous lobules of a 
strongly winding nature. Spermatogenic cysts, attached to the wall of the seminiferous 
lobules, surround a central lumen in which arm cell may be stored. The lumen of the 
tubules are connected further with that of efferent ducts at the mesorchial and distal side 
of the testis and the efferent ducts are connected to a vas deferens. Spermatogonial or 
their proliferation products are surrounded by Sertoli cells lining the seminiferous lobules. 
The inner wall of each seminiferous lobule is covered with cysts in which germ cells 
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develop. Lydig cells are randomly distributed in the interstitial tissue between the 
seminiferous tubules and the efferent ducts. 
In contrast the testis of the exposed fish were in the recrudescence stage 
irrespective of the chemicals tried. Some cells within the seminiferous tubules were 
showing necrosis characterised by dissolution of the nucleus and nuclear membrane, the 
main feature of PCP. Exposed tubules were filled with secondary spermatogonial cells. 
The involuted inactive interstitial cells were grouped together at the inetertubular 
junction. If in control testes, active spermatogenesis was evident, sperm could be seen in 
the lumen of the tubules and the interstitial cells were characterised by large rounded 
nuclei with prominent nucleoli, in treated group, the tubules contained very sparse 
spermatids and spermatozoa. Primordial germ cells were found damaged and dark red 
patches suggesting haemorrhagic necrosis could be seen at many places. Hypertrophied 
Leydig cells showed increase in individual cell size. A closer examination of Leydig cells 
showed moderate to complete pycnosis, slightly hypertrophied cells as well as pycnotic 
cells. Ruptured outer germinal layer with dissolated regions in the interstitial cells was 
commonly observed in 2,4-D (Figure 7a and b). 
Light microsocpy of ovary 
The ovary of the C. punctatus is suspended in the body cavity along its dorsal side 
and surrounded by a peritoneal membrane. The peritoneal membrane forms a gonaduct 
posterior to the ovary. Both gonaducts end in a urogenital sinus. The ovary consists of 
ovigerous folds of lamellae transversally arranged along its longitudinal axis. The 
lamellae contain germ cells or follicles in various developmental stages, embedded in a 
loose connective tissue and are covered by celome epithelium, often referred to as 
germinal epithelium since primary oogonia are found between and just beneath its cells. 
PCP and 2.4-D exposed ovaries showed inhibition of gonadal growth, because of 
the presence of large numbers of stage-I and II oocytes. They undergo differentiation 
culminating to the formation of mature oocytes. In some cases nucleus shrinkage and cell 
shrinkage was observed in 2,4-D exposed group and nuclear wall became thick (Figure 
8a). Protrusion of nucleoli of oocyte was also prominent feature of 2,4-D treatmem. 
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However, PCP treated ovaries had large number of immature oocytes, spherical in shape 
with clear cytoplasm and large nucleus having 5-10 nucleoli peripherally arranged 
(Figure 8b). A large number of damaged oocytes and vacuoles along with mature oocytes 
were also seen (Figure 8b) 
2,4-D treated ovaries showed atresia of some mature oocytes and some oocytes 
were enucleated (Figure 9a), while a few were having empty nucleus. The shrinkage of 
the nucleus could be due to the vacuole formation in the cytoplasmic region. Ovarian 
wall was found to be exceptionally sensitive to PCP. It appeared ruptured and 
disintegrated, an effect also noticed in deep sited oocytes. Severely damaged peritonium 
lining was at highest concentration of PCP (Figure 9b). Some ovaries as a result of PCP 
exposure, developed atretic oocyte, exhibiting reduction of ooplasm leading to the 
formation of typical forms. Disintegrated oocytes were also seen at higher concentrations 
ofPCP (Figure 9b). 
Transmission Electron Microscopy of testis 
Morphological abnormalities observed by TEM revealed the same pattern as was 
found in LM. Testis of treated group showed that the primary spermatogonia, 
endoplasmic reticulum, mitochondria, ribosomes were not uniformly distributed as in 
controls. Spermatogonia or their proliferation products are surrounded by Sertoli cells. 
Spermatids found in large numbers, while spermatozoa present in less numbers (Figure 
10a). Sertoli cells were elongated with highly condensed heterochromatin lining the 
nuclear wall. Heterochromatinization and euchromatinisation frequently observed in 
Sertoli cells (Figure 10b). Leydig cells showed apoptotic signs, nucleus was highly 
marginalised by heterochromatin and nuclear material damaged severely (Figure lOd). 
Some vacuoles were also conspicuous and few mitochondria were present (Figure 10c 
and d). At many places nuclear material was broken into small bodies along with very 
less amount of cytoplasmic content, such structures are called apoptotic bodies. Overall, 
an extensive cytotoxic damage was observed in PCP and 2,4-D exposure. The cytoplasm 
was reduced to a granular material with fragmented endoplasmic reticulum and devoid of 
mitochondria and lipid droplets. 
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Transmission electron microscopy of ovaries 
In the TEM study of ovary, some features were same irrespective of tested 
chemicals like irregular nucleus along with 7-8 nucleoli arranged towards the periphery 
of the nucleus. Dense clumps of heterochromatin were aligned along the nuclear 
membrane in some classes. However, 2, 4-D treated ovary showed severely damaged 
oocyte walls numerous lipid droplets were found in the oocyte (Figure 11a). At many 
places Sertoli cells were found with the condensation of chromosomes (Figure 1 lb) and 
oocytes with damaged nuclei were also observed (Figure lie). Some Sertoli cells were 
found with condensation of chromatin and enucleated structures were also observed 
(Figure lid). In few observations oocytes plasma membrane were found damaged with 
PCP treatment along with abnormal RBC (Figure 1 le and f). 
DISCUSSION 
Histopathological and related changes are important aspect of genotoxicity that 
could provide an important evidence for the accessibility of the test chemicals to the 
reproductive organs and the possibility of its transmission to future generation. Since 
monitoring the growth of germ cells in exposed individuals is one of the regular features 
of histopathology. it is expected to decrease the long-term exposures and may increase 
with time in control specimen as a seasonal variation. 
The present results in the form of inhibited gonadal growth and decreased GSl by 
PCP and 2,4-D has also been corroborated by many investigators. Ram and Sathyanesan 
(1983. 1986), showed decreased GSI in C punctatus testes and ovaries. They showed 
that continuous exposure to mercuric chloride inhibited gonadal growth probably through 
the pituitary-gonadal axis without any obvious sign of degeneration. Fenitrothion and 
carbofuran both effectively lowered the testicular weight in C. punctatus (Saxena and 
Mani, 1987). On the other hand, octylphenol treatment in summer flounder {puralichthys 
dentatus) resulted in reduced testicular size, ducts full of sperms, numerous 
spermatogonia in testis with no developing sperm cysts (Zaroogian et al. 2001). Thus. 
GSl and oocyte growth is significantly reduced in many studies on fish (Ruby et al.. 
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2000). 17-P- estradiol treated flounder also exhibited decreased GSl and altered 
hepatosomatic index (Mills et al., 2001). 
Studies on BHC have also indicated various structural aberrations (Singh and 
Singh. 1992b). Similar investigations on MgCb. exhibited reduction of ooplasm leading 
to the formation of typical oocytes, much like the present. Besides this an increase in the 
occurance of atretic oocytes and interfoUicular spaces have also been established (Bano 
and Hasan, 1990). Atretic oocytes observed in both PCP and 2.4-D as compared to 
controls group. These were oocytes which seemed to regress without being ovulated in 
spite of reaching the fully ripe stage, and were observed in wide range of GSl (Murayama 
et al.. 1994). Ram and Sathyanesan (1986) showed that in ammonium sulphate treated C 
punctatus, after the desolation of nuclei, the oocytes become atretic and yolk material is 
resorbed by the proliferating thecal and granulosa cells of the follicular layer. 
C. hatrachus subjected to prolonged exposures to sublethal doses of ammonium 
sulphate exhibited marked hypertrophy of the corticle and medullary cells, and the 
corticotrophs of pituitary (Sathyanesan et al., 1978). Ram and Sathyanesan (1986) 
showed that C. punctatus exposed to ammonium sulphate were having nucleus of the 
early vitellogenic oocytes degenerates, the ovary is totally devoid of mature oocytes 
during the spawning phase. 
There is now substantial and consistent evidence that physiological stress has 
inhibitory effects on reproductive process in teleost fish and that these effects are 
exercised through modified endocrine function (Pankhurst and Van der Kraak, 1997). 
The mechanism by which stress inhibits reproduction or the specific level in the 
endocrine cascade at which stress acts is not clear. 
The decrease in GSl in exposed groups clearly showed concentration and duration 
dependency as also seen by most of the chemicals. The increase in ovary weight in 
control fish during vitellogenesis is due to an increase in the size of vitellogenic oocytes 
rather than to recruitment of more maturing oocytes. The decreased GSl in exposed group 
might be due to the presence of only stage 1 and Stage II oocytes as against the control, 
were majority of the oocytes are in the preparatory and mature stage. In the stage II 
oocytes changes which are evidenced initially by the liquefacfion, are followed bv the 
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condensation of nucleus rendereing it much smaller than the control. In the next stage the 
nuclear membrane disappears and the nucleoli clump together and ultimately disappear. 
Such degenerative changes take place in the stage II in the early vitellogenic oocytes 
(Ram and Sathyanesan, 1986). 
Studies on ultrastructural changes by fenthion in testis of gobiid fish Glossogihius 
guiris (Ham) induced extensive cytotoxic damage including atrophy of testis, reduction in 
lipoidial material in the interstitial cells and degeneration of sperms (Zutshi and Murthy. 
2001). In the testis of sexually mature fish, Poecilia reticulata (guppy), degeneration and 
necrosis of sperm occurred, with severe cases of cell hypertrophy, interstitial 
inflammation, and absence of mature sperm (Wester and Canton, 1992). In rat testis. Dutt 
and Kobayashi (1980), showed various abnormalities and comparable degenerative 
changes in the fine structure of testis as a result of cadmium treatment. 
The histopathological impact of the copper, zinc and lead also been carried out on 
the gonads of the teleost Puntius conchonius, where dilation in the testicular blood 
capillaries with necrosis and disintegration of the seminiferous tubules were commonly 
observed. All three metals induced significant atresia in the ovary, and damaged younger 
oocytes (Kumar and Pant, 1984). The induction of germ cell deficiency up to complete 
sterility in other teleosts. Patagonina hatcheri and Odontesthes bonariensis indicated the 
female germ cell sensitivity to heat and disappear under high temperatures (Straussmann 
et al.. 1998). Cadmium fenitrothion, carbofuran induced testicular injuries are also known 
with comparable results (Sangalang and O'Halloran, 1972; Saxena and Mani, 1987). 
Vacuolation is the phenomenon which has frequently been observed in ovarian 
cells. It is suggested that vacuolation may indicate the onset of cytological changes that 
possibly explain the flux of electrolytes through the plasma membrane (Cameron. 1964). 
However, the vacuolation of the nucleus and its ultimate atrophy are not clear. It may 
require cytological explanation based on nuclear ultrastructure. 
Whereas, pycnosis is the process in which cell undergoes necrotic changes in the 
cell nuclei, characterized by rounding up and condensation causing hyperchromatic 
staining. In both chemicals general atrophy and hypospermia was observed at higher 
concentration and duration. 
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Many studies on indiscriminately used 2,4-D compounds have been performed. 
All need to be carefully examined. It is suggested that 2,4-D may produce alteration in 
steroidogenesis, which in turn may be related to the development of Leydig cells tumors 
(Liu et al.. 1996). In this context changes in rat spermatogenesis, which include 
morphometric changes in Sertoli and Leydig cells are noteworthy (Galimov and Valeiva. 
1999). However, the fate of the genotoxic damage in spermatogoneal assay is not clear 
(Madrigal Bujaidar et al., 2001); and teratogenic and embryotoxic studies on rodents 
treated with 2,4-D have given conflicting results (Sterens and Summer, 1991). The 
dominant lethal mutant assay on mouse and rat also produced a negative data (lARC. 
1987). Thus, cell repair, cells lethality or zygote damage remain as three possible fates of 
the observed genotoxic alterations in spermatogonia (Madrigal Bujaidar et al., 1999). 
The other phenomena related to 2,4-D poisoning at a concentration of 400 mg/1, 
provoke disruption of haematopoietic disruption of cell component and of protein 
synthesis in tinea tinea. Disruption led to degenerative necrosis and impairment of 
haematopoietic kidney tissue and hence to disfunction of the whole oragnism (Gomez et 
al., 1998). 
Chlorophenoxy herbicides like 2,4-D is further shown to alter energy metabolism 
by uncoupling oxidative phosphorylation and possibly by disruption of the phospholipid 
bilayer of mitochondrial membranes (Zychlinski et al., 1990; Palmeira et al., 1994). 
Electron microscopic examination showed swelling and degradation of muscle 
mitochondria following 2,4-D administration (Heene, 1988). 
Another positive indication of energy metabolism disruption could be appearance 
of many atrophic forms of mitochondria in PCP treated H. fossilis (Ateeq et al., 1999). 
Oestradiol treated fish showed several features such as diminished oogonial population, 
increased number of atretic oocytes, absence of vitellogenic oocytes and elevation in 
gonadosomatic index, while testosterone treated fish showed no change in spectrum and 
size of oocytes and significant increase in GSI was observed (Patrick et al., 1980). 
Vertebrate ovarian apoptosis have led to many advances in general understanding 
of the fundamental molecular and cellular biology of programmed cell death. Studies are 
focused primarily on mammalian model species, leaving vast gaps in our understanding 
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of the evolutionary significance of apoptosis across phylogenetic groups. It was shown 
that cell types within trout follicles display inherent differences in the susceptibility to 
apoptosis. in patterns reversed from those observed in mammalian and avian follicles 
(Wood and Van der Kraak. 2000). Follow-up studies sought to address the susceptibility 
of rainbow trout follicles to apoptosis following hormone withdrawal. These were 
complemented with studies designed to identify putative 'follicle survival factors", 
hormones with the ability to rescue follicles from apoptosis. In rainbow trout, 
gonadotropins, 17b-estradiol and epidermal growth factor are capable of suppressing the 
spontaneous onset of apoptosis induced by hormone withdrawal (Wood and Van der 
Kraak, 2002). These findings suggested growing appreciation of the importance of 
selected hormones for the growth, differentiation, and survival of ovarian follicles in a 
variety of vertebrates. In many oocytes, spermatogonia and Leydig cells dense clumps of 
heterochromatin are found aligning the inner nuclear membrane. Similar early sign of 
apoptosis are found in the present study. It is characterized by chromatin condensation, 
cell shrinkage, alteration in cell surface, cell fragmentation, and subsequent phagocytosis 
of the cell before lysis were further confirmed (Wyllie et al., 1980; Arends and Wyllie. 
1991; Cohen etal., 1992). 
That the granulosa cell apoptosis does not appear to be a defining feature of 
follicular atresia in fish, is rather based on dogmatic assumption that granulosa cell 
apoptosis drives atresia in all vertebrates. Even as the morphological progression of 
apoptosis is readily seen, little is known about the insight of this process in germ cells 
(Osterloh et al., 1983). Regarding the sensitivity of cells towards apoptosis. 
spermatocytes are considered as the most sensitive cell types (Pravinen and Pravinen. 
1978). Many workers consider spermatogonia to be highly vulnerable to chemicals 
especially doxorubicin (Russel and Russel, 1991; Matsui et al., 1993). 
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Table 6. Gonadosomatic index GSI (%) of the testis and ovary oi Channa punctatus 
exposed to PCP for 30, 60 and 90 days. 
Duration Cone Gonadosomatic index (male) Gonadosomatic index (female) 
(days) (ppm) Mean±S.D. MeaniS.D. 
30 Cont. 1 0.061 ±0.022 1.35 ±0.29 
1.33 ±0.22* 
1.15±0.30 
1.21 ±0.18 
1.09±0.17 
1.02 ±0.25 
60 Cont. 1 0.098±0.018 1.90±0.15 
1.91 ±0.19* 
1.55 ±0.21 
1.59 ±0.26 
1.47 ±0.32 
1.29±0.19 
90 Cont. 1 0.160±0.029 2.38 ± 0.29 
2.33 ±0.26* 
2.01 ±0.22 
1.90 ±0.25 
1.63 ±0.33 
1.32 ±0.20 
1 
Cont. 2 
Cont. 3 
0.2 
0.4 
0.6 
1 
Cont. 2 
Cont. 3 
0.2 
0.4 
0.6 
1 
Cont. 2 
Cont. 3 
0.2 
0.4 
0.6 
0.060 ±0.018* 
0.049 ±0.016 
0.052 ±0.015 
0.051 ±0.020 
0.046 ± 0.026 
8 .  
0.095 ±0.015* 
0.080 ±0.023 
0.090 ±0.030 
0.081 ±0.021 
0.072 ±0.016 
60 .  
0.152 ±0.026* 
0.112 ±0.021 
0.130 ±0.025 
0.111 ±0.030 
0.08 ± 0.020 
Student's /'test, p<0.05; * Insignificant values; Unmarked values are significant 
Cont.l: Negative control, Cont. 2: Solvent control, Cont. 3: Positive control 
The frequencies of all the treated groups including positive control were significant 
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Table 7. Gonadosomatic index GSI (%) of the testis and ovary of Channa pimctalu.s 
exposed to 2,4-D for 30, 60 and 90 days. 
Duration 
(days) 
30 
60 
90 
Cone 
(ppm) 
Cont. 1 
Cont. 2 
Cont. 3 
25 
50 
75 
Cont. 1 
Cont. 2 
Cont. 3 
25 
50 
75 
Cont. 1 
Cont. 2 
Cont. 3 
25 
50 
75 
Gonadosomatic index (male) 
Mean ± S.D. 
0.068 ±0.021 
0.065 ± 0.029* 
0.052 ±0.018 
0.057 ±0.019 
0.045 ±0.015 
0.040 ±0.018 
0.088 ±0.025 
0.086 ±0.019* 
0.071 ±0.016 
0.078 ± 0.020 
0.068 ±0.023 
0.055 ±0.022 
0.150 ±0.022 
0.148 ±0.021* 
0.125 ±0.026 
0.131 ±0.020 
0.119±0.018 
0.105 ±0.019 
Gonadosomatic index (female) 
Mean ± S.D. 
1.32±0.18 
1.31 ±0.15* 
1.12±0.22 
1.20 ±0.28 
1.15±0.21 
1.08 ±0.30 
1.98 ±0.31 
1.95 ±0.30* 
1.52 ±0.26 
1.70±0.19 
1.61 ±0.18 
1.48 ±0.25 
2.30±0.19 
2.26 ±0.20 
1.90 ±0.25 
1.88 ±0.22 
1.72 ±0.28 
1.45 ±0.23 
Student's / test, p<0.05; * Insignificant values; Unmarked values are significant 
Cont.l: Negative control, Cont. 2: Solvent control, Cont. 3: Positive control 
The frequencies of all the treated groups including positive control were significant 
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Figure 5 Gonadosomatic indices of male (a) and female (b) Channa punctulus 
exposed to PCP for 30, 60 and 90 days which is based on Fable no 6 page 65 
'n' is the number of observation/ sample that is equal to 5 and 'SD' is the 
standard deviation presented in Tables 6. 
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Figure 6. Gonadosomatic indices of male (a) and female (b) Channa punctaliis 
exposed to 2,4-D for 30, 60 and 90 days which is based on Table no. 7 page 66 
'n' is the number of observation/ sample that is equal to 5 and 'SD' is the 
standard deviation presented in Tables 7. 
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Figure 7. Light microscopic microphotograph of PCP and 2,4-D exposed testis of 
Channa punctatus showing: (a) testicular tissue damage (ttd), Pycnotic Leydig cell 
(pyc), necrosis (nee) dissolution region (dr); (b) hypertrophied Leydig cells (hie), 
pycnotic cell (pyc) hemorrhages (hr), ruptured outer layer (rgl). 
Figure 8. Light microscopic microphotograph of PCP and 2,4-D exposed 
ovary of Channa punctatus showing: (a) peripherally arranged nucleoli 
(nuc) of oocytes, thick nuclear wall (tnw); (b) damaged oocyte (do), mature 
oocyte (mo), vacuoles (vo), immature oocyte (im), shrinked nucleus (sn). 
Figure 10. Transmission electron microscopic microphotograph of PCP and 2,4-D 
exposed testis of Chanrta punctatus showing: (a); spennatids (st) and spermatogonia 
(spg), (b); heterochromatin (ht) and euchromatin (et) in Sertoli cell (sr) (c); vacuoles 
(vo), sertolie cell (sr), mitochondria (mt) (d); mitrochondria (mt), vacuoles (vo) and 
nuclear material damaged (nmd). 
Figure 11. Transmission electron microscopic microphotograph of PCP and 2,4-D exposed 
ovary of Channapunctatus showing: (a); lipid droplets in oocytes (Ido), damaged oocyte 
wall (dow), (b); Sertoli cell condensation of chromosomes (cch), (c); oocyte with damaged 
nucleus (odn), atretic oocyte (ao) (d); convulated structure (cs), heterochromatinization 
(ht) (e); oocyte plasma membrane damaged (pmd), damaged connective tissue (dct) (f); 
red blood cell (ibc), oocyte plasma membrane damaged (pmd). 
(Magnification: a- 870X; b- 3400X; c- 3400X; d- 6300X; e- 4600X; f- 2650X) 
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Chapter 4 
INTRODUCTION AND REVIEW OF CHROMOSOME ABERRATION TEST 
Between 1930^0, the chromosome aberrations (CA), their mechanism, behaviour and fate, following irradiation were studied in mitosis and meiosis in some insects 
like Drosophila and grasshopper and in plant systems i.e. Allium and Tradescantia The 
protocols gradually developed following the discovery that colchicine was able to arrest 
cells at metaphase (Sharma. 1985). The use of hypotonic treatment allowed human 
chromosome to be accurately analysed (Hsu, 1952). However, studies of chemical effects 
of chromosomes were mainly limited to academic exercises till 1970's, when concern 
over the deteriorating environmental situation led to an increasing interest for effective 
short term assays to screen mutagens and carcinogens. The cytogenetic tests emerged as a 
very important component of these systems (Sharma and Sharma, 1980). 
Chromosome aberrations are changes in chromosome structure. They involve 
gross alterations of the genetic material and are generally detected by using light 
microscopy to examine metaphase chromosomes in appropriately prepared cells 
(Hoffman. 1996). Chromosome damage is an efficient, reliable and economical criterion 
to measure genetic toxicity. The changes in the chromosomes may involve alterations in 
structure, number or both. The agents causing chromosome breaks damage the genetic 
apparatus and are termed clastogens while those leading to alterations in the number, 
mainly affect the spindle and are called mitotic poisons (Sharma, 1984). The 
manifestation of the effects of a clastogen depends on the stage of the cell cycle during 
which it has been applied (Angelsanto and Nichols, 1979). 
Chromosome aberrations are classified into two major groups: structural 
aberration, and numerical aberrations. The structural aberrations are further distinguished 
into two, chromatid and chromosome-type aberrations, both include chromosome 
breakages and various chromosomal rearrangements that result from broken 
chromosome. Aberration that involve only one of the chromatids in a replicated 
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chromosome are called chromatid-type. where as, those which involves both chromatids 
are called chromosome type aberration. 
Ionizing radiations have the ability to induce chromosome type aberration if cells 
are treated before DNA replication (Gl phase) or chromatid type after DNA replication 
(G2 phase) (Hoffman. 1996). The irradiation of cells in the S-phase produce both types of 
aberrations depending on the status of DNA synthesis of each chromosome (Sofuni, 
1992). However, the majority of chemical mutagens induced aberrations are of the 
chromatid type, although chromosome type aberration may occur (OECD, 1997). 
The alteration of chromosome canying DNA (genes), morphological 1> and 
numerically result in a quantitative alteration or rearragement of genes and have been 
substantially studied in various research areas (Sofuni. 1992). The mammalian in vivo 
CA test have been successfully used for the detection of structural aberrations induced b\ 
the test substance in the bone marrow cells of animals, usually rodents (Adler. 1984; 
Preston et al. 1987; Richold et al., 1990; Tice et al., 1994). In fact the CA test using 
cultured mammalian cells is one of the sensitive methods to predict environmental 
mutagens or carcinogens, and considered as complementary test to the Salmonella-
microsome assav (Ames tests) by some workers (Ishidate Jr. et al.. 1998). Inspite of its 
feasibility, such observations in fish are less in comparison. 
Of the estimated 20,000 species of fish, a mere 500 have been studied for the 
complete karyotype. In Indian context, the figure is far too less; the fish c>tologists have 
determined the karyotypes of only about 125 species to a satisfactor> extent (Rishi. 
1989). Since 1960"s karyological studies in teleost fish, a noteworthy contribution to 
genetic taxonomy and environmental toxicology (Cucchi and Baruffaldi. 1990). 
consistent efforts are lacking, partly because karyological studies of teleost fish present 
technical difficulties which are not encountered in the study of other vertebrates. 
Most fish typically have high chromosome numbers, >48 of small (1-3 \xm} 
acrocentric chromosomes (Cucchi and Baruffaldi. 1990; Oh et al., 2001). Given to this 
nature, different techniques has been used to perform cytogenetic studies: direct, in vivo, 
and indirect, in vitro. Direct techniques are based on the use of colchicine to block 
quickly- proliferating cell populafion of kidney, spleen and gill epithelia at the 
metaphase. Just after the fish sacrificed, cell samples are taken and treated for slide 
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preparations (Kligerman and Bloom, 1977; Krishnaja and Rege, 1980; Banerjee. 1987; 
Cucchi and Baruffaldi, 1990). The indirect techniques involve tissue cultures (Ojima. 
1982; Blaxhall, 1983; Baksi and Means, 1988; Fan and Fox, 1990; Gold et al., 1990; 
Nagpure and Barat, 1997). that allow for the application of perfect doses of colchicine 
and the use of mitotic stimulants such as phytohaemeagglutinin (PHA) and LPS (Hartley 
and Home, 1983). Each of this procedure has been optimized to obtain large number of 
well spread metaphases and used regularly for karyotypic analysis, and to assess the 
impact of genotoxic agents (Baksi and Means, 1988). 
Fish as an in vivo model can be quite a promising for screening the mutageneic 
potential of chemicals and environmental pollutants specially the various constituents of 
industrial effluents that are being dumped into our water bodies (Krishnaja and Rege. 
1980). Since, many types of DNA damages caused by carcinogens and mutagens that 
may be present in such water bodies, the alterations in chromosomes is better assessed, 
the CA test in chemically induced genetic damage was recognised (Al-Sabti, 1985). The 
sensitivity of this test, when fish are used as an experimental animal do not require the 
badly defined step of concentrating these substances which is obligatory in analytical or 
mutatesting procedure (Al-Sabti. 1985). 
Kligerman et al., (1975) is credited to develop such a cytogenetic system using 
fish as model in which chromosome damage were later accurately detected using physical 
and chemical agents in central mudminnow Umbra limi. After this, several studies 
appeared on CA in fish cells by various chemicals (Prien et al., 1978; Krishnaja and 
Rege. 1982; Sofradzija et al., 1980; Refstie, 1981; Hooftman, 1981; Kocan et al., 1981; 
LandoU and Kocan, 1983; Al-Sabfi et al., 1983; Al-Sabfi, 1985). 
More recently, the genotoxicity of water in the field and in the laboratory, for 
various in vivo and in vitro monitoring systems have successfully employed fish cells. 
Thus, in vivo CA test was reported in Channa punctatm (Rishi and Grewal. 1995). 
Catfish. Heteropneustes fossilis (Aii and Ahmad, 1998), gold fish Crassius auratus 
(Anitha et al.. 2000) and Oreochromis mossamhicus (Guha and Khuda-Baksh, 2002) by 
various chemicals such as dichlorovos, PCP, heat shock and EMS. This test was also 
equally effective in cultured cells and embryos in some parallel studies of fish (Hayashi 
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et al., 1998; Hose and Brown, 1998) as well as on cell lines of Umbra limi (Oh et al., 
2001). 
Despite the fact that Manna and Prasad (1973) studied chromosomes in murrels 
(C punctatus, C. straitus and C. gachua), very few cytogenetic studies have been done in 
Channa punctatus. Following the chromosome formula by arm ratio and chromosome 
index studied, chromosome numbers, genome size, cell volumes and evolution of sneak 
head fish (family: Channidae) and cytotaxonomic investigations of five species of 
Channa (Banerjee et al., 1988; Chatterjee, 1989) are some noteworthy contributions. 
Induction of CA in C. punctatus are not studied satisfactorily. Observation on larvicide 
Baytex 1000 (Rishi and Grewal, 1993) and organophosphorous insecticide dichlorvos are 
the only studies in this fish, which has comparatively small number (2n = 32) and large 
size chromosomes. These studies emphasized that fish kidney chromosomes are very 
suitable to study the genotoxic effects of any chemical specially pesticides. 
Coming in this category PCP is an important pesticide. It is ubiquitously present 
in our environment and a possible clastogen suggested to lack genotoxic properties 
Coming in this category PCP is an important pesticide. It is ubiquitously present in our 
environment and shown to be a definite clastogen by some workers (Williams, 1982; Ahmad and 
AM, 1996), though the direct damage to DNA has been questioned by some investigators 
(Simmon et al., 1977; Ishidate, 1988; reviewed by Seller, 1991). In spite of its extensive studies 
in bacteria (Shirasu, 1976; DcMarini et al., 1990; Fahrig, 1978) and in Chinese hamster cells 
(Jansson and Jansson, 1986; Ilattula and Knuutinen, 1985), the results are contradictory. 
Occurrence of CA by PCP has been convincingly shown in plant systems, such as in 
Allium cepa (Pavlica et a!., 1999; Ateeq et a!., 2002), whereas a significant increase in CA 
frequency was observed in mice (Gold et al., 1984; lARC, 1990) and the lymphocytes of PCP 
exposed workers leading to carcinogenesis (Bauchinger et al., 1982; Schmid et al., 1982). Studies 
on fish by PCP continued to be neglected. 
review on this compound observed that genotoxic and mutagenic potential in both in 
vitro and in vivo systems are lacking (Garabrant and Philbert, 2002), despite the fact that 
many authors noted the cytogenetic effect of 2,4-D. It was able to induced CA in meiosis 
of Vicia faha (Amer and Ali, 1974) and Barley, Hordeum vulgare (Kumari and 
Vaidyanath. 1989). In mitotic cells also, 2,4-D induced CA has been observed in Allium 
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cepa (Tomkins and Grants, 1976; Khalatkar and Bharagava, 1982; Ateeq et al., 2002). In 
somatic cells of Drosophila, both positive and negative results (Graf and Wurler, 1996) 
emphasized the fact that the matter need to be resolved for conclusive results. As of PCP, 
the situation with 2,4-D in fish is more or less same. 
Although, 2,4-D induced CA in human peripheral blood lymphocyte culture in 
vitro (Mustonen, 1986) and found to be genotoxic in bone marrow of rat (Adhikari and 
Grover, 1988) and mouse, where an increase in the aberration frequency is reported 
(Pilinscaya, 1974), other investigations failed to show any substantial increase in 
aberration frequency in mouse bone marrow cells or in micronucleus test of mammalian 
test systems (Jenssen and Renberg, 1976; Charles et al., 1999; GoUapudi et al., 1999). In 
recent studies on genotoxicity of 2,4-D by induction of sister chromatid exchange in 
somatic and germ cells of mice (Madrigal-Bujaidar et al., 2001) and CA in mouse bone 
marrow (Amer and Aly, 2001). the results are positive. 
Considering the world wide use of these chemicals, and due to the conflicting 
results reported, PC? and 2,4-D have encouraged scientific investigations in many 
organisms. Since the cytogenetic effects of these chemicals in freshwater fish C 
punctatus have not been studied, inspite of significant indication of genotoxicity observed 
in H. jossilis (Ahmad and Ali, 1996; Ali and Ahmad, 1998) detailed cytogenetic studies 
by CA are proposed by PCP and 2,4-D. 
PROTOCOL FOR CHROMOSOME PREPARATIONS 
Fish : Channa punctatus (a total number of 108). taken 
from acclimatized stock. 
Chemical : Pentachlorophenol (PCP, CAS No: 87-86-5. 99% 
purity); concentrations, 0.2. 0.4, 0.6 ppm 
2,4-Dichlorophenoxyacetic acid (2,4-D, CAS No: 
94-75-7, 98% purity); concentrations: 25, 50, 75 
ppm 
Duration : 48, 72.96 hr 
Type of treatment : Medium exposure 
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Important chemicals and solutions used: 
EMS (40 ppm) 
CoCl2(40mg/10mlH2O) 
Colchicine (1 mg/ ml H2O) 
KCl (0.56%) 
Cornoy's fixative (methanol: glacial acetic acid, 3:1) 
Giemsa stain (10%) 
Sorensen's buffer (pH-6.8) 
Solution A: Na2HP04.2H20 5.93 8 gm/100 ml 
Solution B: KH2PO4 4.539 gm/ 100 ml 
25 ml solution A + 25 ml solution B added to make 50 ml 
Sorensen's buffer (pH-6.8) 
Xylene 
DPX 
Experimental design 
The method and procedure of OECD (1997) was followedand the following steps 
were considered: 
. The lot of 108 fish was divided into two experimental group and normal. 
. Exposed group consisted of a total 72 fish, 36 each for PC? and 2,4-D, 12 fish per 
variation. 
• The normal group consisted of negative, solvent and positive controls at the rate of 12 
fish per normal (total 36). 
. At the end of each specific interval (48, 72, 96 hr), 4 fish per duration from exposed 
group were sacrificed and immediately dissected to take out both kidneys for 
cytogenetic processing. 
• The same practice was followed for the controls. 
Chromosomal preparations 
The technique of Al-Sabti et al., (1983) and Cucchi and Baruffaldi (1990) was 
followed for preparation of chromosomes. Since the fish kidney is haemapoietic and 
mitotically highly active, this tissue was used for chromosomal preparations. 
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. Fish were injected intraperitoneally of the COCb solution (as mitogen) at the dosage 
of 2 mg/ 100 gm body weight. 
. 19 hr after the first injection, the specimen were administered with an intraperitoneal 
injection of freshly prepared colchicine solution at the dosage of 1 mg/ 100 gm of 
body weight. 
. 5 hr after the second injection, the kidneys were taken out by dissecting the fish from 
ventral side after removing the viscera. 
. The kidneys were macerated by scissors and suspended in hypotonic solution 0.075M 
KCl for 30-40 min at 32°C. 
. The material was fixed in chilled Cornoy's fixative. The suspension was mixed very 
gently with the help of Pasteur pipette and centrifuged at 1000 rpm for 10 min and 
supernatant was gently discarded. 
. The above process was repeated twice by adding fresh chilled fixative each time for 
dissolving the pellet. 
. The slides, previously washed in alcohol and ether and kept at 0°C in 70% alcohol, 
were prepared by letting two drops of fixing solution containing the cell suspension 
fall onto the slides at the height of 1.5-2 feet. 
. Immediately thereafter, the fixative was burned off using the flame dry technique 
(Mellman, 1967). 
. The slides were stained with Geimsa in Sorensen's buffer for 20-25 min. 
• All the slides thus prepared were made permanent by cleaning in xylene and mounted 
in DPX. 
. Well separated and extended chromosomes were obtained. 
Microscopic observation and photomicrography 
Well stained slides, including those of controls, were independently coded before 
microscopic analysis. More than one hundred well spread metaphases per duration in 
each concentration of both compounds and controls were analysed under the light 
microscope. Well spread metaphases were first selected under low magnificafion (10 X 
10 or 10 X 20) according to the following criteria: 
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. Early metaphases with long and slender chromosomes and late metaphases with 
extremely short and condensed chromosomes were excluded. 
• Metaphase spread in a circle were predominantly selected, but those in which several 
chromosomes were scattered outside of the metaphase were excluded. 
• Metaphase with many overlapped chromosomes, indistinct shape, those covered with 
debris, or staining precipitate were also excluded. In observation under high 
magnification, metaphase lacking three or more chromosomes from the modal 
chromosome number were excluded. 
. Otherwise, all metaphases selected by low magnification were analysed under oil 
immersion (10 X 100) regardless of aberrations. 
. The analysis and photography was done with a NIKON microscope equipped with in-
built camera at lOOOX magnification. 
Definition of aberrations 
Structural aberrations: 
Chromatid type: chromosome damage expressed as breakage of single chromatid or 
breakage and reunion between chromatids. 
Chromatid gap: a non-staining region in one chromatid showing a clear 
discontinuity (the size of which is almost equal to or more than the 
width of the chromatid). 
Chromatid break: the complete severance of the distal part of one chromatid with 
a distinct dislocation or misalignment. 
Chromatid exchange: rearrangements as a consequence of misreunion between 
two or more chromatid breaks, including interchromosomal 
exchanges such as triradials and quadriradials and intrachromosomal 
exchanges such as chromatid rings and inversions. 
Chromosome type: chromosome damage expressed as breakage, or breakage and 
reunion, of both chromatids at an identical site. 
Chromosome gap: same as chromatid gap but occurring at the same locus in both 
sister chromatids. 
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Chromosome breaks: the complete severence of the terminal region of a 
chromosome arm which gives rise to a shortened chromosome and an 
acentric chromosome fragment, and which is not associated with any 
obvious exchange process. 
Chromosome exchange: rearrangements as a consequence of misreunion between 
two or more chromosome breaks, include dicentrics and rings (these 
are associated with an acentric fragment, and it is scored as one 
aberration, but not as two independent aberrations). Acentric rings 
derived from interstitial deletions are included in this type of 
aberrations. 
Fragmentation: is defined as metaphases with a large number of chromatid gap and 
chromatid break but without chromatid exchange. Minute chromosome 
fragments or double minute are small dots, the size of a dot is almost 
equal to or smaller than the width of a chromatid, and those which are 
larger than the chromatid width are scored as acentric rings. Routinely 
this type of aberration is included in chromosome breaks when 
scoring. 
Numerical aberrations 
A change in the number of chromosomes from normal number characteristics of 
the cells utilized. These are classified into two types; aneuploidy and polyploidy. 
• Aneuploidy: It involves the loss or gain of one or few chromosomes. 
Polyploidy: A multiple of haploid chromosome number (n) other than the diploid 
number (i. e. 3n or 4n and so on). 
Other abnormalities 
Pulverization: One or several chromosomes in diploid cells or a half set of chromosomes 
in polyploid cells, shows a mass of minute fragments or small dots. In 
addition, there are so called ill-defined abnormalities such as; attenuation, 
stickiness, ruffling, haziness, erosion and c-metaphases. 
y \" ' '" \ 
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Statistical analysis: The standard deviation and mean of the aberration frequency were 
calculated. Student's / test was used for determining the significance level of data at 
p<0.05. Each treated group was compared with the relevant control separately. 
RESULTS 
The typical diploid metaphase complements of C punctatus were found to consist 
of 32 chromosomes. The sex chromosomes could not be distingiushed morphologically 
from autosomes. Three mixed types of chromosomes viz, metacentric, submetacentric 
and subtelocentric were distinguished easily. There were nine pairs of metacentric, six 
pairs of submetacentric and one pair of subtelocentric chromosomes in this fish. On the 
basis of the above observations the chromosome formula for the two sexes of the species 
was confirmed as 2n = 18m + 12 sm + 1st with fundamental arm number FN = 62 
(Manna and Prasad, 1973). 
Not withstanding the conventional method of scoring, the CA were recorded 
under two broad categories, i. e. classical aberrations and non-classical aberrations. In 
classical aberrations both chromatid and chromosome type breaks (B) were counted 
(including acentric fragments), exchanges (E) and multiple aberrations (MA) (polyploidy, 
aneuploidy, rings etc.). While non-classical aberrafions comprised stickiness (S), 
pulverization (P) and c-metaphases (CM). Regardless of whether it was a mono or poly-
aberration in one metaphase, it was counted as one aberrant metaphase. 
The frequency and spectrum of CA observed by PCP and 2,4-D as well as of 
controls in the kidney cells of C. punctatui have been summarized in Table 8 and 9 
respectively. Representative photomicrograph of various types of CA have been 
displayed in figure 12 (a-d). The distribution of aberrations have been shown by bar 
diagrams in figure 13 (a, b). 
Both chemicals PCP and 2,4-D were able to produce aberration of chromatid and 
chromosome types. Various forms of chromosome damage recorded were choromosome 
and chromatid breaks, acentrics, rings, polyploidy, aneuploidy, stickiness, pulverization 
and c-metaphases whereas, gaps were excluded. 
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A time and concentration-dependent increase in total aberration was evident in 
both chemicals. The increase in all CA frequencies were found statistically significant 
when compared with relevant controls (Student's / test, p<0.05). 
The frequency of chromosomal aberrations induced as a result of PCP exposure 
found to vary from 9.73 ± 0.72-18.58 ± 0.40 as concentrations increased from 0.2-0.6 
ppm and along the increase of exposure time, 48-96 hr. Among the various classical 
aberrations noted, breaks were significantly higher at all concentrations and time intervals 
tested. Exchanges and multiple aberrations were recorded least, while, polyploidy and 
aneuploidy was occurred rarely at highest concentrations and duration. Among the non-
classical aberrations, stickiness and pulverization was most frequently recorded as 
compared to c-metaphases. PCP recorded the highest frequency of aberration at 96 hr in 
0.6 ppm (18.58 ± 0.40), found highly significant in comparison to negative control (3.77 
±0.35). 
Similarly, treatment with 2,4-D in the concentrations from 25-75 ppm along 48-
96 hr, duration resulted in a significant increase in the frequency of aberrations, the value 
ranged between 8.92 ± 0.32-15.17 ± 0.45. Both types of breaks, i.e. chromosome and 
chromatid (including acentric fragments) constituted more than 50% of the total 
aberrations produced by 2,4-D. Other classical aberrations (exchanges and multiple 
aberrations) were noted in less number. Few polyploids and aneuploids were also 
observed at highest concentration (75 ppm). Among the non-classical aberrations 
stickiness and pulverization were dominating. Number of aberrant metaphases respnded 
to increase in time and concentration. The highest frequency of CA recorded at 96 hr in 
75 ppm by 2,4-D was 15.17 ± 0.45, relatively lower than the corresponding PCP value 
(18.58 ±0.40). 
Overall result of various chromosomal aberrations estimated irrespective of 
exposure variation in concentration showed highest frequency of breaks (including 
acentrics); others appeared more or less uniformly distributed; the trend of aberrations 
was more or less same in bolh the chemicals tested. PCP was found to be more potent 
clastogen than 2,4-D in terms of substantial increase in CA frequency, which was 18.58 ± 
0.40 (0.6 ppm. 96 hr) in comparison of 2,4-D, 15.17 ± 0.45 at the same exposure and its 
highest concentration. 
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DISCUSSION 
The present study has shown that not only a significant number of chromosomal 
aberrations could be induced in kidney cells of C. punctatus by PCP and 2.4-D but also 
proved that the frequency of CA has a time and concentration dependency. The 
chromosome aberration test presented here, may provide good tool to assess the 
genotoxicity of contaminated environmental wastes as well as a viable laboratory 
alternative. 
It was further concluded from the these investigations, that C. punctatus was well 
suited test organism for cytogenetic analysis because of their nearly ideal karyotype, and 
due to relatively small number of chromosomes (2n = 32) of large metacentric and sub-
metacentric nature, make them very useful for studies on chromosome aberration. The 
positive result reported here support the clear indication of the mutageneicity of the PCP 
and 2.4-D. which were of serious concern, especially with reference to PCP as it induced 
the higher number of CA than 2,4-D. 
Similar observation by Kligerman et al., (1975) established the genotoxicity by 
methyl methane sulfonate (MMS) and X-rays in Umbra limi. Later, Hooftman (1981) and 
Hooftman and Vink (1981) also reported the enhanced occurrence of CA in 
Notuhranchius rachowi and Umbra pygmaea as a result of EMS and benzo[a]pyrene 
treatments. Thereafter, various carcinogenic-mutagenic chemicals were also found 
clastogenic in common carp Cyprinus carpio. Tinea tinea and Ctenopharyngodon idella 
(Al-Sabti, 1985, 1986). Trends on CA were similar to the results obtained in catfish 
Heteropneustes fossilis by PCP (Ali and Ahmad, 1998). 
The feasibility of obtaining large number of metaphases, is the key to CA studies 
(Cucchi and Baruffaldi, 1990). Strongly stimulated erythropoietic activity in the fish is 
very important aspect. The biological action of C0CI2, oftenly used in this case, is that it 
impedes the conversion of pyruvate into acetyl coenzyme A and, a-ketoglutarate into 
succinate- the two steps which are of vital importance in cellular respiration. As a result 
of tissue hypoxia, cobalt stimulates the formation of erythropoietin, thus leading to an 
increase in the cell proliferation of haematopoietic organs (Webb, 1962). Besides, the 
kidney tissue of fish is a haematopoietic and mitotically active organ. That ensures 
sufficient cells in the active cell cycle. Thus, CA may be used in a variety of experimental 
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fish tissues. The resuh also highlighted the importance of the test in which the animals 
were not injected with the chemical but were rather allowed to remain in the chemical 
containing water for various interval of time, a condition usually found in nature. 
Evidently both PCP and 2,4-D has affected the chromosomes by absorption through the 
gill epithelium. 
The production of either chromatid or chromosome type aberrations by an agent 
depends on the nature of the clastogen (chromosome breaking agent) and the cell cycle 
stage, the target cell is in, at the time of exposure. The majority of chromosome type 
effects are described from lesions induced in Gl phase. A G2 phase exposure generally 
results in chromatid aberrations. Most chemical mutagens, however, induce chromatid 
type aberrations independent of cell cycle stage provided the cells are examined in the 
first mitosis (Ml) after treatment. The greatest frequency of structural aberrations should 
be expressed in Ml cells (Brusick, 1987). 
The length of cell cycle in fish is sUU not well documented unlike mammals. 
Therefore, the cells from exposed fish are collected at several time intervals. In CA 
testing it was shown that if high doses of a chemical was given the gross structural 
aberrations were produced; being unstable these lead to the death of the cell through loss 
of vital genetic material or mechanical hindrance of mitosis (Kirkland, 1990). Other 
aberrations, being stable found to be transmitted through repeated cell divisions and thus 
persisted in the cell population (Hoffman, 1996). Various forms of chromosomal 
rearrangements are the example of stable aberrations, that generally appeared at lower 
doses so that case cell was able to survive (Kirkland, 1990). Could it be that the cell can 
tolerate or repair in a certain level of unstable damage, or is it that the damage is mainly 
of the stable type? 
In one of the CA assay, in both in vitro or in vivo test, PCP was labelled as 
Clastogenic (Seller, 1991), although extensive testing in Chinese hamster CHO results 
were ambiguous, constituting a weakly positive response (Galloway et al., 1987). 
Studies by Obe et al., (1982) suggested that in chromosomal damage, DNA is the 
primary target, leading to misrepair or misreplicafion of DNA (Evans, 1977). A pointer to 
this mechanism could be the covalent binding of PCP to DNA. It was confirmed in an in 
vitro incubation with a metabolic acfivation system (van Ommen et al., 1986) amounting 
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to about 1/5"' of the observed protein binding. Rat microsomal preparation were able to 
convert PCP to tetrachlorohydroquinone and tetrachlorocatechol in changing ratios (1.2-
2.5), depending on the enzyme induction procedure used (van Ommen et al., 1986). Both 
the isomers were proposed to form semiquinone radicals in the presence of oxygen and 
this mechanism produced DNA strand breaks. Various Salmonella strains (TA97, TA102, 
TA104) tested by PCP with metabolic activation, found highly susceptible to oxidative 
DNA damage. Tetrachlorohydroquinone also bound to calf thymus DNA in the absence 
of metabolic activation (Witte, 1987). 
In aquatic organisms, PCP was able to induce micronuclei and DNA strand breaks 
like in zebra mussel and snail (Pavlica et al., 2000; 2002). Various forms of structural 
chromosome damage in H. fossilis was also observed by Ali and Ahmad (1998). Recent 
reports on Allium root tip showed it to be clastogenic as it inhibited root growth and 
caused depression in mitotic index with increased frequency of CA (Ateeq et al., 2002). 
Even the micronuclei formation was due to aneugenic effect oi PCP (Pavlica et a)., 
1999). 
On the other hand, herbicide 2,4-D was slightly mutagenic for Drosophila in 
recessive lethal tests (Seller, 1978). In the embryonic bovine kidney cells, multipolar 
spindles and polyploid mitotic states were observed suggesting an influence of 2,4-D on 
the spindle protein (Bongo and Basrar, 1973). In human cell cultures dimethyl amine salt 
of 2,4-D increased the frequency of CA in human embryonic fibroblast culture and in 
human lymphocyte culture (Berin et al., 1973). In vivo test also reflected positive results 
with respect to chromosome breakage under the influence of 2,4-D (Pilinscaya, 1974). 
Garret et al., (1986) evaluated the genotoxic level of 2,4-D with a moderate 
response. The positive correlation between the cytogenetic damage and sperm 
abnormality 2.4-D exposures was evidently showed a dose-dependent increase in 
percentage CA in spermatocytes and sperm head abnormalities (Amer and Aly, 2001). 
Reports of 2,4-D as a moderate genotoxicant also appeared simultaneously (Madrigal-
Bujaidar, 2001). Some studies indicated an increase of malignant tumor in 2,4-D exposed 
people (Hardle et al., 1994), while Ateeq et al., (2002) confirmed its clastogenic effect in 
plant system. 
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The large number of breaks as a result of exposure to the PCP and 2,4-D indicate 
that they are active either at Gl or S phase of the cell cycle. This is probably due to the 
effect of these chemicals on DNA strand at its Gl or late S phase, when the DNA has 
replicated or duplicated. When chromosome in close proximity are broken, the broken 
ends could rejoin to form complex types of rearrangements, leading to the formation of 
dicentric chromosomes, translocated chromosomes, interstitial deletion and inversions. 
The mechanism of formation of acentric fragments is pertinent to that of formation of 
micronuclei that do not contain centromeres. It is discussed in a separate chapter. The 
occurrence of polyploidy and aneuploidy may indicate that PCP and 2,4-D has the 
potential to induce numerical aberrations. Pulverization is an indirect phenomenon which 
occurr. Stickiness is found to be a transient phenomena because at longer durations it was 
rarely obsreved. While C-mitotic effects are considered to be due to spindle impairment 
(Liang and Satyaprakash, 1985) and therefore, observed due to spindle disturbance in the 
present studies. 
An issue of considerable controversy in cytogenetic evaluations is the significance 
or lack of significance of gaps in chromatid or chromosomes. Some investigators feel that 
identification of gaps is extremely subjective and that they do not constitute true 
aberrations (Brogger, 1982). This group of investigators have suggested that gaps may be 
quantified and reported, but should not be used in the evaluation of the study. Though 
gaps are defined as achromatic lesions or non staining regions, faintly stained regions are 
frequently judged to be gaps perhaps connected between both distal parts. Therefore, 
these gaps are not to be considered real discontinuity and hence excluded from the 
structural aberrations in the present study. 
CA in experimental fish provide a variety of metabolic pathways for activation of 
potential genotoxins. The fish is able to convert xenobiotic to active metabolites. The 
frequencies of CA in fish cells could therefore, serve as relevant parameters for the 
assessment of genotoxic chemicals. It can also be used as an indicator of DNA damage 
(Al-Sabfi. 1985). 
Irrespective of the nature of the primary lesions induced by chromosome breaking 
agents, the ultimate lesions responsible for the formation of aberrations seems to be DNA 
strand break {Natayajan and Obe, ) 978). FoUow'mg treatment with chemica] agents, most 
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lesions are reported in the form of adducts in which the agent bound to DNA by covalent 
bonds, although some chemicals may break the DNA strand directly (Sharma, 1984). 
This cytogenetic damage may lead to changes in the gene component of the fish (Al-
Sabti, 1985), including the risk of their accumulation in the fish organs which then 
becomes a serious danger for human health. 
The chromosome aberration test is especially relevant to assessing mutagenic 
hazard in that it allows consideration of factors of in vivo metabolism, pharmacokinetics 
and DNA repair process, despite the fact that these may vary among species and among 
tissues. An in vivo test is also useful for further investigation of a mutagenic effect 
detected by in vitro test. Chromosome mutation and related events are the cause of many 
human genetic diseases and there is substantial evidence that chromosome mutaions and 
related events causing alteration in oncogenes and tumor suppressor genes are involved in 
cancer in humans and experimental systems (OECD, 1997). 
More reliable cytogenetic techniques have been developed to detect structural 
aberrations. A relatively recent development of fluorescent based staining method, 
fluorescent in situ hybridization (FISH), has heralded a significant improvement in the 
ability of metaphase based cytogenetic analysis (Tucker and Preston, 1996). In the Laser 
Scanning Cytometry (LSC), the DNA content of each chromosome, chromatin 
condensation level and size of individual chromosomes can be measured within few 
minutes (Ishidate Jr. 1998). 
Thus the fish system is proved to be valid indicator of the presence of various 
mutagenic chemicals in the water systems and increasing interest is now being directed in 
using fish as a model for studying the teratogenic, carcinogenic and mutagenic effects of 
environmental chemicals with the incorporation of sophisticated and innovative methods 
like FISH and LSC, the detecttion frequency and accuracy of mutagenic potential is 
bound to increase. 
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Figure 12. Representative photomicrographs of normal karyotype (a) and 
chromosomal aberrations (b-d) observed in kidney cells of C punctatus induced by 
PCP and 2,4-D. 
(b, breaks; af, acentric fragment; e, exchange; st, stickiness; p,pulverisation). 
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Figure 13. Bar diagrams showing time and concentration dependent increase in the 
frequency of chromosome aberrations in Channa punctatus after various 
treatments of PCP (a), and 2,4-D (b).and exposure time compared to the 
controls. 
(Bars: dark. 48 h; light. 72 h; hatched. 96 h) 
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Chapter 5 
INTRODUCTION AND REVIEW OF MICRONUCLEUS TEST 
The continued improvement and expanded versatility of cytogenetic techniques as research tools, coupled with the growing imperative that the toxicity of chemicals 
be assessed before they are introduced into the environment, is the primary basis for the 
development of a field which holds great promise for the rapid and inexpensive 
evaluation of the potential toxicity of mutagenic chemicals to diverse components of the 
biosphere. The cytogentic screening technique like chromosome aberrations by 
metaphase analysis is time consuming and requires considerable skills; so there is interest 
in the prospect of developing simpler cytogenetic assays. One promising development is 
the refinement of micronucleus test, MNT (Hoffman, 1996). One consequence of the 
induction of chromosomal structural rearrangements is the formation of micronuclei. MN 
(Evans, 1988). formed by the condensation of acentric chromosomal fragments or whole 
chromosome that is not included in the main nucleus following anaphase (Hayashi et al.. 
1984; Al-Sabti and Metcalfe. 1995). 
The use of MNT as a quantitative measure of chrmosome damage was first 
propsed by Evans et al., (1959). He showed that the frequency of MN as an effect of 
ionizing radiations on plant root tip cells was proportional to radiation dose and qualit>. 
Since it is far easier to score MN than chromosome aberration at metaphase, they provide 
a simple means for estimating induced genomic damage. Schmid (1973) and Heddle 
(1973) arrived at the same conclusion independently in mammalian system. 
There is a growing interest in the use of micronuclei as cytogenetic end points for 
assessing chromosome damage in animal mutagen tesfing systems essentially for three 
reasons. First and foremost being the scoring of micronuclei is far simpler, demands less 
expertise and is more rapid than the scoring of structural aben-ations in proliferating cells. 
Secondly, micronuclei persist for varying length of time after their formation so that they 
can be analysed in non-dividing descendents of proliferating cells. And lastly, 
micronuclei are produced not only as a consequence of the exclusion from daughter 
nuclei of acentric fragments from broken chromosomes at the time of cell division, but 
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also from whole chromosome which may be excluded as a consequence of damage to 
centromere, centrioles or the protein components of mitotic spindles (Evans, 1988). 
In the last two decades, MNT in fish has played an important role in assessing the 
exposure to water pollutants. It has proved its potential to provide an early warning of 
genotoxic threat to fish, their ecosystem, and to man finally. Thus cytogenetic damage in 
fish not only monitors the selected genotoxic agents in the laboratory but is also very 
useful in detecting the presence of genotoxicants in surface waters and different aqueous 
ecosystems. A variety of studies taken to analyse metaphase chromosomes in fish for the 
occurrence of structural and numerical aberrations with an aim of detecting genotoxicity 
of various agents has been discussed in detail in Chapter 4 (Chromosome aberration test). 
This trend started by early studies of Hooftman and de Raat (1982), where 
micronuclei were generated in peripheral erythrocytes of eastern mudminnow. Umbra 
pygmaea generated as a result of EMS. Subsequent studies have shown that the 
peripheral erythrocytes of fish have a high incidence of MN following exposure to 
different pollutants under field and laboratory condifions (Al-Sabti, 1986a; 1986b; Das 
and Nanda. 1986; Metcalfe. 1988; Al-Sabfi and Hardig, 1990; Al-Sabti, 1984; Manna et 
al, 1985). This further allowed a satisfactory analysis of genotoxicity in water bodies. 
These favourable points in fish MNT encouraged experiments with this organism: 
Al-Sabti (1986) tested several chemiclas (aflatoxin Bl, arochlor 1254, benzidine. 
benzo(a)pyrene) for their ability to induce MN under lab conditions in three cyprinids 
(common carp. Cyprinus carpio: tench. Tinea tinea and Ctenopharyngodon idella). Das 
and Nanda (1986) noted a dose dependent increase in MN frequency in the erythrocyte of 
the common Indian catfish Heteropnensles fossilis exposed to mitomycin C and paper 
mill effluents. Other agents like EMS and benzo(a)pyrene also induced MN in the 
erythrocytes of mudminnow {Umbra limi) and brown bullheads, letalurus nebidosus 
(Metcalfe. 1988). Bahari et al., (1994) also proved the same by physical agents like y-
radiation in addition to chemical agents in freshwater catfish Clarias gariepinus these 
studies firmly established the utility of micronucleus test as a effective measure of 
genotoxicity on short term basis. 
Its utility was further tested on practical aspects of industrial effluents. Brewery 
and textile mill effluents were successfully investigated by the MNT in a tropical 
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freshwater fish Clarias lazera (Odeigah and Osanyipeju, 1995). It was followed by a 
number of studies on MNT in fish by various chemicals such as textile industry effluents 
in rainbow trout (Marleska et al., 1998), Pyrethroic lambda cylialothrin in Cheirodon. 
Interruplus inlerruptus (Campana et al., 1999). Heat shock in carassius auratus (Anitha 
et al., 2000), X-rays and colchicine in cyprinus carpio (Gustavino et al., 2001), PCP in 
Heteropneustes fossilis (Ahmad et al., 2002), EMS in Oreochromis mossumhicus (Guha 
and Khuda Buksh. 2002) and 2,4-D and butachlor in Clarias hatrachus (Ateeq et al., 
2002) were studies other than of industrial aspects. All these observations were in 
laboratory conditions. Studies directly taken in field conditions also proved the utility of 
MNT in fish. Minissi et al.. (1996) carried MNT in erythrocytes of Barhus plejehus 
(Teleostei: pisces) from two natural environments in Italy. Similarly. MN monitoring of 
fish from lake Paranoa (Brazil) under influence of sewage treatment plant discharges in 
the peripheral blood eyrhtrocytes of Tilapia rendalli, Oreochromis niloticus and Cyprinus 
carpio was sucessfuUy achieved (Grisolia and Starling, 2001). 
Since, fish often respond to taxicants in a manner similar to higher vertebrates, 
they can be used with equal effectiveness to screen for chemicals that have the potential 
to cause teratogenic and carcinogenic effects in humans. In fact these studies specially 
favour fish MNT. as their erythrocytes are nucleated and being in plenty, micronucleus 
can be scored following clastogenic activity (Al-Sabti and Metcalfe, 1995). 
Various abnormal morphological forms of erythrocytes that invariably accompan)-
MN, can also serve as effective indicators of cytotoxicity. Their variation may appear as 
spherocytes, lobopodial projections, clumping, acanthocytes and echonicytes. 
Malathion exposed Channa punctatus showed many such changes as a result of 
cytotoxic damage (Sawhney and Johal, 2000). Presence of abnormal red blood cells in 
the form of echinocytes and spherocytes in rat also lend support to an effective measure 
of cytotoxicity by analysing these forms (Agarwal et al., 1990). There can be several 
types of nuclear lesions as well, origin of some are not still fully understood. Few nuclear 
abnormalities are reported in fish (Carassco. et al.. 1990). Cytotoxic and nuclear 
abnormalities together constitutes a supportive test to MNT 
Basically, the nucleated abnormal forms are classified as notched, lobed, blebbed 
and vacuolated. Some authors consider them as a signal of cytogenetic damage in fish 
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species. Ayallon and Garcia-Vazquez (2000) reportedly used various forms of nuclear 
abnormalities and micronucleus assays for similar observations due to cadmium and 
mercury poisoning in fish species Phoxinus phoxinus and Poecilia latipinna. A study by 
Ateeq et al., (2000) revealed various form of erythrocytes alterations and micronuclei 
induction in freshwater catfish Clarias batrachus by herbicides 2.4-D and butachlor. 
Another interesting finding by Anitha et al., (2000) on analysis of abnormal nucleus 
morphology subjected to heat shock in Carassius auratus was due to the loss of regular 
structure of nucleus. 
PCP is shown to have genotoxic properties in some systems. Even if few results 
are contradictory (Seller, 1991), many confirmed the PCP toxicity to aquatic organisms 
(Klobucar et al., 1997; Fisher, 1990; Stephenson, 1991) as well as to mammalian cells 
(Jensson and Jensson, 1991). 
Furthermore, it has been found to be genotoxic to higher plant cells and its effects 
on mitosis and DNA synthesis were analysed in Nigella sativa (Chand, 1980). In Allium 
root tip chromosome aberration assay due to PCP has confirmed the same (Pavlica et al.. 
1999; Ateeq et al., 2002). It is equally mutagenic in bacteria and mice (Fahrig et al.. 
1978). In human lymphocytes chromosomal anomalies were found greater than in 
controls (Bauchinger et al., 1982), while observation by Pavlica et al., (2000) noted 
micronuclei haemocytes of zebra mussel and great ramshorn snail exposed to PCP in a 
concentration of 100 |ag/l and 150 \xg/1. Ahmad et al., (2002) reported an in vivo effect of 
PCP in catfish H. fossilis where by significant increase in micronucleus frequency was 
observed by manual and automated method. All these studies indicated genotoxic effects 
conclusively. 
On the other hand, genotoxicity of 2,4-D is also proved in some system in spite of 
negative and inconclusive results (Seller, 1978). In the Ames Salmonella typhimurium 
assay system, mixed positive response were obtained using various strains (Kappa, 1988). 
Microbial studies on E. coll and B. subtilis, as the model organisms gave negative results 
(Klopeman. 1985) though for E. coli a weak as well as a clear positive result was 
described thereafter (lARC, 1986, Venkat et al., 1995). In mammals including human 
being many authors reported the cytotoxic effecs of 2,4-D. Induced CA in human 
peripheral lymphocyte culture (Mustonen et al., 1986) and genotoxic effect in vat bone 
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marrow was also observed (Adhikari and Grover, 1988). In addition, 2,4-D was found to 
increase the bilayer width of the model membrane system in human erythrocytes causing 
echinocytosis (Suwalsky et al., 1996). 2,4-D significantly increases the frequency of CA 
and SCE in mouse bone marrow (Amer and Aly, 2001; Madrigal-Bujaidar et al., 2001). 
However, in another in vivo micronucleus assay on 2,4-D and seven of its salts and esters 
in mouse bone marrow revealed a lack of genotoxic and carcinogenic potential (Charles 
et al., 1999), while, in Culex pipiens fatigans (Ahmad and Ali, 1994) and Heteropneustes 
fossilis (Ali and Ahmad, 1996) positive results were obtained and a significant increase of 
MN frequency with some forms of altered erythrocytes in freshwater fish C. batrachus 
(Ateeq et al. 2002a; 2002b).were observed earlier. 2,4-D poisoning provoked disruption 
of heamatopoietic tissue cell components and protein structure in Tinea tinea (Gomez et 
al., 1998). In plant system. Allium, 2,4-D was also known to induces CA and 
morphological alteration of roots (Ateeq et al, 2002a). 
Studies carried on 2,4-D and PCP show many contradictory and negative results 
and confusion prevails. The lack of information regarding genotoxicity of these 
compounds in aquatic system needs further investigations. The present chapter is 
concerned with the evaluation of the effects of various sub lethal concentrations of these 
compounds. 
PROTOCOL FOR MICRONUCLEUS TEST 
Fish : C/zanna/'Wrtc/a/'w.s'(Total number- 108), taken from 
acclimatized stock. 
Chemicals : Pentachlorophenol (PCP, CAS No: 87-86-5, 99% 
purity); concentrations, 0.2, 0.4, 0.6 ppm 
2,4-Dichlorophenoxyacetic acid (2,4-D, CAS No: 
94-75-7, 98% purity); concentrations, 25, 50. 75 
ppm 
48, 72, 96 hr 
Medium exposure 
Scott's Tap water substitute 
0.2 gm potassium bicarbonate 
Duration 
Type of treatment 
Solutions 
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2 gm magnesium sulphate 
lOOmlDDW 
Stains 
Haematoxylin 
Eosin 
Ethanol 
30, 50, 70, 90% and absolute. 
Xylene 
DPX 
Statistical test : Student's / test 
Experimental design 
. A lot of 108 fish was divided into four experimental groups. 
. Exposed group consisted of a total 72 fish, 36 each for PCP and 2.4-D, 12 fish used 
for each concentration. 
• The other three groups consisted of negafive, solvent and posifive controls of 12 fish 
each (total 36). 
. At the end of each specific interval (48, 72, 96 hr), 4 fish per duration from each 
exposed group were utilised for smear preparation. 
• The same practice was followed for the controls. 
Slide preparation 
• Scales were gently removed from the caudal region of the fish. 
. A cut in the caudal region was made and smear of peripheral blood made on grease 
free clean slides and air-dried. 
• Slides having good smears were fixed in methanol for 10 min and stained in filtered 
haematoxylin for 5-10 min (for staining nucleus) 
• Rinsed in Scott's tap water substitute, until the nuclear colour changed from red to 
blue. 
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2 gm magnesium sulphate 
lOOmlDDW 
Stains 
Haematoxylin 
Eosin 
Etiianol 
30, 50, 70, 90% and absolute. 
Xylene 
DPX 
Statistical test : Student's / test 
Experimental design 
A lot of 108 fish was divided into four experimental groups. 
• Exposed group consisted of a total 72 fish, 36 each for PCP and 2,4-D, 12 fish used 
for each concentration. 
• The other three groups consisted of negative, solvent and positive controls of 12 fish 
each (total 36). 
. At the end of each specific interval (48, 72, 96 hr), 4 fish per duration from each 
exposed group were utilised for smear preparation. 
• The same practice was followed for the controls. 
Slide preparation 
. Scales were gently removed from the caudal region of the fish. 
. A cut in the caudal region was made and smear of peripheral blood made on grease 
free clean slides and air-dried. 
. Slides having good smears were fixed in methanol for 10 min and stained in filtered 
haematoxylin for 5-10 min (for staining nucleus) 
. Rinsed in Scott's tap water substitute, until the nuclear colour changed from red to 
blue. 
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. It was followed by dehydration in ascending grades of alcohol i.e. 30%, 50%. 70%, 
90% and absolute and counter stained in filtered eosin (made in 70% alcohol) for 30 
sec to staining cytoplasm (Pascoe and Gatehouse, 1986). 
. Lastly, slides were cleared in xylene and made permanent by mounting in DPX. 
Scoring 
• Many slides were sorted based on the quality of staining, coded and scored blindly. 
• Twelve slides were observed for each variable and duration. 
• More than 12,000 erythrocytes were scored for each treatment group including 
controls (1000-1200 erythrocytes per slide). 
. MN were scored under light microscope at 60X objective and 15X eyepiece and 
photographed by Nikon microscope at lOOOX magnification (oil immersion) fitted 
with in-built camera. 
. The non-refractile particle that resembled nuclei in all respects were counted as 
micronuclei (Das and Nanda, 1986). for that following facts (Schmid, 1975) and the 
criteria were considered: 
. Spheric cytoplasmic inclusions with sharp contour. 
. Diameter smaller than one fifth of the main nucleus. 
. Colour and staining intensity resembling the nucleus. 
. No contact with the nucleus. 
• Variations of morphologically altered erythrocytes were carefully observed. 
Echinocytes, anisocytes, altered nucleus, vacuolated and enucleated erythrocytes 
counted (data not presented). 
Statistical analysis 
Statistical analysis of the data to determine differences in the incidence of 
micronuclei among exposed and control groups was performed by Student's t test at 0.05 
level of significance. Mean and S. D. of each treated group was compared with respective 
controls. 
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RESULTS 
The erythrocytes of Channa punctatus are elliptical with a centrally located oval 
nucleus and a considerable amount of cytoplasm, any abnormality could therefore, be 
seen easily. Exposure of C. punctatus to PCP and 2,4-D induced micronuclei in all 
treatment groups. Some micronuclei were also observed in negative and solvent controls 
but that was a normal phenomena. 
The size and position of micronucleus in the cytoplasm showed slight variation 
from cell to cell but found somewhere attached to the cell boundary. Odeigah and 
Osanyipeju, (1995) classified MN as pycnotic having homogeneously stained or granular, 
both of these types of MN were observed. 
Student's / test showed that either chemical induced MN in statistically significant 
manner. MN frequency registered a steady rise from 2.89 ± 1.02 - 8.08 ± 2.32 in highest 
concentration of PCP as a result of prolonged exposure from 48-96 hr (Table 10). The 
same trend was observed in 2,4-D, although effect appeared more conspicuous in PCP. In 
highest concentration (75 ppm) of 2,4-D, MN frequency was 1.96 ± 0.65 in 48 hr 
exposure, which rose to 2.15 ± 0.58 and 4.62 ± 1.23 after 72 and 96 hr respectively 
(Table 11). Cells having two or more MN per cell found in highest duration (96 hr) of all 
concentrations irrespective of chemicals. Binucleated cells were rarely observed. 
The incidence of micronuclei formation for both the chemicals showed a positive 
dose response over the entire dose range tested (Figure 15a and b). Apart from that, other 
cellular and nuclear anomalies were frequently observed. These nuclear morphology and 
altered cell morphology (anisocytosis) observed for PCP and 2,4-D have been 
summerised in Figure 14. In PCP treated group, erythrocytes exposed to higher 
concentrations and durations showed some nuclear material oozing out of nucleus, while 
in other cases as many as 8-10 MN were observed (Figure 14b). Some cells were not 
perfectly elliptical, in case of 2,4-D a leukocyte surrounded by 7-8 erythrocytes in a 
rosette like manner with slightly altered nucleus was an unusual feature (Figure 14f). 
Frequently observed vacuolation in cytoplasm and crenated cell boundary (echinocytes) 
were also peculiar features observed in 2.4-D (Figure 14e). Over all results indicated. 
PCP as the more potent clastogen in comparison to 2,4-D. 
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DISCUSSION 
The occurrence of cytogenetic damage in fish Channa punctatus exposed to PCP 
and 2,4-D is demonstrated by an enhanced frequency of micronuclei and morphological 
variations in the peripheral blood erythrocytes. The genotoxic effect of these compounds 
had earlier shown to induce abnormal aberration in Heteropneustes fossilis (Ahmad and 
Ali, 1996; Ali and Ahmad, 1998) and micronucleus generation in C. batrachus (Ahmad 
et al., 2002; Ateeq et al.. 2002). Apart from these studies, very few information is 
available concerning the effects of these chemicals in fish. Some work on PCP carried on 
mutation system and in the intragenic recombination system of MPl strain of 
Saccharomyces cerevisae is reported (Fahrig et al., 1978), while 2,4-D found to induce 
sister chromatid exchanges in somatic and germ cells of mice exposed in vivo (Madrigal-
Bujaidaretal., 2001). 
Genotoxic effects with other chemicals are considerable in fish. For example, 
EMS or benzo[a]pyrene were able to inflict chromosome breakages (Hooftman, 1981; 
Hooftman and Vink, 1981) sister chromatid exchanges (Van der Hoeven et al., 1981: 
1982) and micronucleus formation (Hooftman and Raat, 1982; Guha and Khuda-buksh. 
2002). Increased frequency of MN in the peripheral blood of filapia species was observed 
in chemicals as varied as aldrin, cadmium chloride, D-glucosamine hydrochloride and 
even with X-rays (Manna et al., 1985). These observations lend support to the view that 
micronucleated erythrocytes in the fish as well as in the mammals (MacGregor et al., 
1980; Schlegel and MacGregor, 1982; Styles et al., 1983): persist in their sites of 
production (kidney and spleen in fish; spleen, liver and bone marrow in mammals) and 
some of these enter the peripheral blood circulation. The fish C. punctatus was rarely 
exposed to chemicals for cytogenetic damage. In an isolated study, Rishi and Grewal 
(1995) reported the increased chromosomal aberrafions in kidney cells of Channa 
punctatus by pesticide dichlorvos. 
It was suggested that different mechanisms could be involved in formation of MN 
(Heddle et al., 1983) including chromosome breakages (Clastogenesis) and spindle 
disruptions (Aneuploidogenesis). Unfil a few years ago, cytological evaluation of MN 
provided little or no information concerning the type of damage involved in their 
formation. There is considerable debate concerning the size of a micronucleus; whether it 
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could be used to elicit mechanism of formation? The basic premise was that larger MN 
were caused by spindle disruptions and would contain whole chromosomes, while 
smaller micronuclei would consist of one or more chromosome fragments. Although 
some relationship between MN size and mechanism of origin may be true (Tucker and 
preston. 1996). 
It is now known that the MN formation depends upon the time needed to replicate 
DNA and perform a nuclear division. In man and mice the duration of cell cycle is well 
documented. There is, however, little information on the duration of the cell cycle in the 
tissues of teleost species, since the cell cycle varies with temperature in piokilotherms 
(Al-Sabti and Metcalfe, 1995). Understandably so the importance of sampling times for 
micronucleus production have been highly emphasized, with the objective of coinciding 
with maximum responses of the test system. For this, three samplings are recommended 
(OECD, 1983). Before that, Salamone et al., (1980) also proposed multiple sampling 
times keeping in mind that optimum sampling may also vary from chemical to chemical. 
Vanparys et al., (1992) and Al-Sabti and Metcalfe (1995) emphasized the same. The 
maximum MN induction in fish typically occurs over a wide range of time, between 1-5 
days post exposure. 
Hooftman and de Raat (1982), Das and Nanda (1986) and Bahari et al.. (1994) 
based their experiments on two sampling times and reported a time and dose dependent 
increase in the induction of MN in peripheral erythrocytes of fish (Hooftman and Vink, 
1981; Hose et. al., 1984; Ahmad et al., 2002; Ateeq et al., 2002). This fact is corroborated 
by the present work in C. punctatus. It confirmed the suitability of this test system to 
study the relationship between pollution levels and mutagenic activity in dose and time 
dependent manner. 
That the longer exposure may always not be able to have this duration response is 
evident in a few observations. Thus, it was found that after exposure to longer duration 
(30 days), MN frequency gradually decreased and returned to control levels (Das and 
Nanda. 1986; Bahari et al., 1994; Minissi et al., 1996). An inhibitory action of the 
effluents on cell division and subsequent hindrance to the passage of the altered cells in 
the peripheral circulafion are the reasons forwarded (Das and Nanda, 1986). 
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The most frequently analysed cells for MNT are those of the hematopioetic 
system i.e. peripheral lymphocytes and erythrocytes. These cells are readily attainable in 
human and laboratory animals. In human erythrocytes MN exist only in splenectomised 
individuals, because spleen effectively removes the micronucleated cells from the 
peripheral pool (Evans, 1988). Cells of other organs like gills and kidney are found to be 
favourable in tilapia, Oreochromis mossambicus (Manna and Sadhukhan, 1986). 
There are speculations about the size of micronucleus. Heddle (1973) and 
Schmidt (1975) suggested their size between 1/5 - 1/20 of the principal nucleus in 
rodents, since most of the fish chromosomes are much smaller than mammalian 
chromosomes. Al-Sabti and metcalfe (1995) estimated this size to be 1/10 - 1/30 of the 
size of the main nucleus. 
Present results support the conclusion that the eryhtrocyte MN test in fish is 
indicative of short-term cytogenetic damage. However, further background information is 
neccesary on fish erythrocyte kinetics and on the selection mechanism against 
micronucleated erythrocytes (Minissi et al., 1996). 
The candidate compounds PCP and 2,4-D have also been shown to induce both 
clastogenic and mitotic poisoning effects in plant system as well. Root tip cells of onion 
experienced inhibitory effects on mitosis as measured by mitotic index values along with 
increased CA frequencies (Ateeq et al., 2002a). Similar observations were also made with 
almost similar effect by Mohapatra et al., (1985), in Allium root fip assay. 
Another additional criterion considered by various workers to assess cytotoxcicity 
is the abnormal cell morphology. Altered nuclear morphology and some abnormal 
variations in cell morphology are not new to PCP and 2,4-D. The variations of the 
nuclear morphology in fish erythrocytes have been discussed by Metcalfe (1988). 
Sanchez-Galan et al., (1999) and Hose et al., (1987). They were interpreted as nuclear 
lesions analogous to MN. Ayallon and Gracia-Vazquez (2000) and Anitha et al.. (2000) 
Reported more or less similar abnormalities by well known genotoxic compounds such as 
cyclophosphamide, colchicine and mitomycin C and by unconventional methods like heat 
shock. The present observations confirmed various forms of nucleus and loss of normal 
structure. 
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Current studies have shown that chromosome material can significantly be 
disrupted by PCP insult and affected erythrocytes can have several micronuclei as an 
unusual case (about 8-10 per cell). Chromosomes may even be found completely 
fragmented. Similarly. benzo[a]pyrene can disrupt the chromosome material in peripheral 
blood erythrocytes of newt Pleurodelas waltl (Jaylet et al., 1986). Our findings lend 
support from the above stating that these chemicals may directly damage the DNA as 
well as damage the mitotic spindle. In P. Corneus, the nuclei of specific morphology and 
structure was recognised as apoptotic cell induced by PCP. Apoptotic nucleus can be 
recognised by striking chromatin margination forming dense crescent shaped aggregates 
by the nuclear membrane (Pavlica et al., 2000). The so called apoptotic bodies may be 
engulfed by adjacent cells during the later phase (Corcoran et al., 1994). 
A study on the pure PCP showed that it can reduce the number and haemoglobin 
content of erythrocytes (Renner et al., 1987). In Heteropneustes fossilis, the volume of 
erythrocytes is reduced by 600 dot units in computer image analysis (CIA) due to drop in 
haemoglobin content (Ahmad et al.. 2002). The volume ratio has been suggested to be an 
indicator of possible cytotoxic and genotoxic effect of a test compound (Reosenkranz and 
Klopman, 1993). 
The mechanism of depressed adenosine triphosphate (ATP), has been suggested 
to be the cause of abnormal forms of erythrocytes in fish. As a result, a hypoxic condition 
induced by malathion (Sawhney and Johal, 2000), anisocytes observed could be due to 
the said mechanism. Nevertheless, it needs to be confirmed. A report dichlorophenoxy 
herbicides focussed on uncoupling of oxidative phosphorylation and disruption of acetyl 
coenzyme A metabolism (Bradberry et al., 2000). Consequently a drop resulted in the 
level of adenosine triphosphate and the cation pump of the cell. The cation pump of the 
cell using ATP as an energy source breaks down, allowing an influx of sodium, chloride, 
calcium and water (Hendricks and Mayer, 1985). 
Further, cellular alterations such as echinocytes suggested to be formed due to 
oozing out of the cytoplasmic content, and vacuolafion as a consequence to overcome the 
stress induced by 2,4-D, similar to malathion in Channa punctatus (Sawhney and Johal, 
2000). It was proposed that higher concentrations of 2,4-D (10-1000 \iU - 2.2-220 |ag/l) 
increased bilayer width and caused deep structural perturbation of hydrophobic region of 
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model membrane systems. Electron microscopic examination revealed a dose-dependent 
change in shape to a spiny (echinocyte) configuration with numerous surface blebs or 
spicules (Suwalsky, 1996). 2,4-D also inhibits the ion channels, with the potential to 
severely disrupt the regulation and maintenance of cellular functions (Dux, 1977). The 
possible reason for vacuolation of erythrocytes is suggested to be inhibition of ion 
channels. 
Some physiological and molecular studies have been made to explain important 
cytoplasmic changes. The characteristic shape and stability of the erythrocyte palsma 
membrane was due to spectrin tetramers and actin and band 4.1 (Branton, 1981). The 
anion exchange proteins band 3, associated with the shape has shown to act by 
contracting and relaxing the skeleton through folding and unfolding of spectrin in 
echinocytosis (Wong, 1999). The shape alterations in lamprey {Lampetra fluviatilis) 
erythrocytes were characterised by weak membrane skeleton lipid bilayer interactions 
due to band 3 protein and ankyrin deficiency (Hogerstrand et al., 2000). while higher 
concentrations of zinc ions induced marked changes in the composition and structure of 
membrane lipids in carp erythrocytes (Teresa et al, 2002). Could the observation such as 
a leucocyte surrounded by 7-8 erythrocytes have the biological association between these 
cells? If so, it remains to be confirmed. 
On technical side, attempts have been made to improve the sensitivity of the 
erythrocytes MN assay in tlsh. A staining technique with fluorescent acridine orange was 
made by Ueda et al., (1992), to differentiate between immature and mature erythrocytes. 
Only newly formed erythrocytes were stained with acridine orange in this technique and 
the assay confirmed the clastogenic response in goldfish {carassius auratus). Hayashi et 
al., (1998) reported that acridine orange staining clearly identifies the MN and also 
distingiushes RNA containing (immature) erythrocytes from non fluorescine (mature) 
cells in a variety of fish {Zacco platypus, Misgurnus anguillicaudatus, Odontohutis 
ohscuni, cyprjniis carpio etc.). They further suggested that acute effect of chemicals can 
be expected to be more sensitively detected in immature erythrocytes than in mature 
erythrocytes. 
Technical innovations in mammalian system are also aimed at improving the 
sensitivity and reproducibility of MN assay. The development of the cytokinesis block 
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method is one such method. This technique enables MN to be scored in binucleated cells 
that have recently gone through cell division since the addition of cytochalasin B, which 
inhibits cytokinesis (Fenech and morley, 1986). The hepatic MN assay has been 
developed in rodents (Tates et al., 1980) and found equally effective in fish (Williams 
and Metcalfe, 1992). An assay for MN by nucleated erythrocytes of Prussian carp was 
used by Al-Sabti (1994). it was used to determine the genotoxic effects of lov* 
concentrations of Se (IV). inorganic mercury (Hg^ "^ ) and methyl mercury, separately or in 
combination. The frequency of MN were elevated in a dose-dependent manner. Al-Sabti 
(1995) also developed an in vitro binucleated blocked hepatic cell technique in rainbow 
trout (Oncorhynchus mykiss) with significant results. 
There is a need to maximise the use of MNT as also the other parameters. 
Innovative method such as the use of automation to allow better counting statistics and 
direct assessment for scoring MN is a welcome sign. This has provided additional 
information on micronucleus area and DNA contents. Early attempts to automate the 
scoring of MN through flow cytometry (Hutter and Stoehr, 1982; Leary and Tometsko. 
1986) and semi-automated image analysis (Andrese et al., 1986), have come a long way 
with the development of computer software for this purpose. Studies by Callisen et al.. 
(1984) demonstrated the quantitation of nuclei and micronuclei by computerised image 
analysis (CIA). Detection and automated scoring of MN in fish shown to be improved by 
the same method (Schultz. et al., 1993; Ahmad et al., 2002). 
The significant increase in the incidence of MN in the erythrocytes of Channel 
punctatus exposed to the PCP and 2,4-D clearly demonstrates its genotoxic effects and 
are in line with our earlier findings on diverse organisms like Allium cepa (Ateeq et al.. 
2002a), H.Jossili.s (Ahmad and Ali, 1996; Ali and Ahmad, 1998; Ahmad et al., 2002) and 
C. hatrachus (Ateeq et al.,2002b). Study of abnormal morphological variations of 
erythrocyte substantiate the cytotoxicity. In the light of results obtained, the efforts 
should be focussed on long term adverse effects of these chemicals. 
The great potential of MNT in fish can effecfively be used for detecting the 
clastogenic substances in aqueous media. Some of the advantages of the micronucleus 
test are its methodological simplicity, reliability and sensitivity, easy scoring, possibility 
of automation and additional detection of aneugens. However, the accuracy of such 
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assays in fish depends on improvement in certain parameters such as, number of cells 
exposed, better understanding of biochemical response of fish to xenobiotics and 
knowledge of the erythrocyte cell cycle. A wider application of the MNT in circulating 
erythrocytes as an early biological marker of fish to clastogenic pollutants in the aquatic 
environment is required further. 
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Table 10. Frequency of micronuclei induced by PCP in blood erythrocytes of Channa punctatus 
at different concentrations and exposure time. 
Exposure 
(hr) 
48 
72 
96 
Cone. 
(ppm) 
Cont. 1 
Cont. 2 
Cont. 3 
0.2 
0.4 
0.6 
Cont. 1 
Cont. 2 
Cont. 3 
0.2 
0.4 
0.6 
Cont. 1 
Cont. 2 
Cont. 3 
0.2 
0.4 
0.6 
Total cells 
scored 
12120 
12225 
12000 
12424 
13200 
12214 
12656 
12600 
12200 
12760 
12440 
14048 
12440 
12500 
12200 
12710 
13108 
13440 
Number of 
1 
86 
91 
269 
258 
333 
338 
78 
82 
333 
284 
339 
411 
97 
100 
393 
529 
415 
802 
2 
2 
4 
14 
16 
20 
7 
4 
6 
24 
24 
21 
66 
2 
5 
49 
43 
44 
116 
MN 
3 
0 
0 
2 
4 
4 
1 
0 
0 
1 
11 
8 
12 
0 
0 
4 
10 
4 
18 
Total No. 
ofMN 
90 
99 
303 
302 
385 
355 
86 
94 
384 
365 
405 
589 
101 
110 
503 
645 
515 
1088 
Frequency of MN 
Mean (%) ± S.D 
0.72 ± 0.43 
0.80 ±0.26* 
2.50 ±0.86 
2.43 ± 1.08 
2.91 ±0.90 
2.89 ± 1.02 
0.67 ±0.29 
0.73 ± 0.40* 
3.12± 1.06 
2.84 ±0.95 
3.24 ±0.90 
4.16± 1.83 
0.80 ±0.39 
0.87 ±0.35* 
4.11 ± 1.12 
5.06 ± 1.51 
3.93 ± 1.44 
8.08 ±2.32 
Cont. 1 (Negative, tap water), Cont.2 (Solvent, 0.2% ethanol), Cont.3 (Positive, 40ppm EMS) 
*4ftstgHifieaTrt: (Student's / test); p<0.05 
*lnsignificant values; Unmarked values are significant 
The frequencies of all the treated groups including positive control were significant 
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Table 11. Frequency of micronuclei induced by 2,4-D in blood erythrocytes oi Channa punctatus 
at different concentrations and exposure time. 
Exposure Cone. Total cells Number of MN Total No. Frequency of MN 
(hr) (ppm) scored 1 2 3 ofMN Mean (%) ± S.D 
Cont. 1 12120 
Cont. 2 12225 
Cont. 3 
25 
50 
75 
Cont. 1 
Cont. 2 
Cont. 3 
25 
50 
75 
Com. 1 
Cont. 2 
Cont. 3 
25 
50 
75 
12000 
12156 
12000 
12096 
12656 
12600 
12200 
12516 
12044 
12512 
12440 
12500 
12200 
13192 
12952 
12984 
86 
91 
269 
200 
196 
226 
78 
82 
333 
201 
250 
251 
97 
100 
393 
457 
429 
536 
2 
4 
14 
5 
5 
4 
4 
6 
24 
14 
13 
6 
2 
5 
49 
16 
41 
25 
0 
0 
2 
0 
2 
2 
0 
0 
1 
8 
2 
2 
0 
0 
4 
5 
3 
6 
90 
99 
303 
210 
212 
240 
U 
94 
384 
263 
282 
269 
101 
110 
503 
504 
520 
604 
0.72 ± 0.43 
0.80 ±0.26* 
2.50 ±0.86 
1.71 ±0.50 
1.75 ±0.54 
1.96 ±0.65 
0.67 ±0.29 
0.73 ±0.40* 
3.12± 1.06 
2.09 ±0.38 
2.32 ±0.60 
2.15±0.58 
0.80 ±0.39 
0.87 ±0.35* 
4.11 ± 1.12 
3.79± 1.16 
3.98 ± 1.44 
4.62 ± 1.23 
Cont.l (Negative, tap water), Cont.2 (Solvent, 0.2% ethanol), Cont.3 (Positive, 40ppm EMS) 
* ifv&igmfi©aftt; (Student's / test); p<0.05 
•Insignificant values; Unmarked values are significant 
I he frequencies of all the Heated groups including positive control were significant 
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Figure 14. Micronucleus induction and various morphological alterations in erythrocytes 
of Channa punctatus exposed to PCP (a, b, c) and 2,4-D (d, e, f)- micronucleus 
(MM), multiple micronucleus (MMN), altered cell morphology (ACM), altered nuclear 
morphology (ANM), ecWnocytes (EC), echinocytes with micronucleus (EMN) and leu-
kocyte surrounded by 7-8 erythrocytes (LSE). 
96 h 
Z 5 
3 
2 
1 
0 
a 
NC SC PC 0.2 
Concentrations (ppm) 
0.4 0.6 
7 
6 
5 
Z 4 
^ 3 
2 
1 
96 h 
b 
NC SC PC 25 
Concentrations (ppm) 
50 75 
Figure!5. Dose-response relationship of MN frequency by PCP 
(a) and 2.4-D (b) in the peripheral blood erythrocytes of 
Channa punclatus in multiple sampling times. 
(NC: Negative Control, SC: Solvent Control, PC: Positive Control) 
105 
Section 
MOLECULAR GENOTOXICITY 
DNA DEGRADATION IN APOPTOTIC CELLS 
SINGLE CELL GEL ELECTROPHORESIS 
Chapter 6 
DNA DEGRADATION IN APOPTOIC 
CELLS 
INTRODUCTION AND REVIEW OF DNA DEGRADATION 
IN APOPTOTIC CELLS 
PROTOCOL FOR DNA ANALYSIS IN APOPTOSIS 
RESULTS 
DISCUSSION 
I'll D Thesis /S^K ipoploiu Sliiclw 
la rah MA B * W 
Chapter 6 
INTRODUCTION AND REVIEW OF DNA DEGRADATION IN APOPTOTIC 
CELLS 
During development of a multicellular eukaryotic organism, some cells die as a normal part of the process. Unwanted cells are eliminated during embryogenesis. 
metamorphosis and tissue turnover. This process is called programmed cell death (PCD) 
or apoptosis (Lewin, 1997). It has been known since 1950s that many cells die naturally 
during development (Gluksmann, 1951), but these 'killer' molecules are identified only 
recently. Lokshin and Williams (1964) emphasized that deaths are somehow programmed 
into the developmental plan of an organism and this could possibly be the reason for 
having predictable cell deaths at predictable places and times during development. 
The term apoptosis is derived from a Greek word, that describes the process of 
leaves falling from a tree or petals from a flower (Kerr et al., 1972). The death process 
occurs in two discrete stages. First, the cell undergo nuclear and cytoplasmic 
condensation, eventually breaking up into a number of membrane bound fragments 
containing structurally intact organelles. In the second stage, these cell fragments termed 
apoptotic bodies, are phagocytosed by neighbouring cells and rapidly degraded 
Schwartzman and Cidlowski, 1993). Kerr et al., (1972) defined apoptosis as normal 
physiologic process which occurs during embryonic development as well as in 
maintainance of tissue homeostasis and can be induced by a variety of treatments such as 
UV-irradiation (McGowan et al., 1994; Martin et al., 1995), Fas/ APO-I ligand (Enari et 
al.. 1995: Strand et al.. 1996) and cytotoxic chemotherapy (Dive and Hickman, 1991; 
Gunjietal.. 1991; Cotter et al.. 1992). 
Studies on dying cells reveal two distinct types of death, "necrosis' and 
•programmed cell death'. The two processes are fundamentally different in their nature 
and their biological significance. Necrosis or accidental cell death is the nonphysiological 
or passive cell death (Trump, 1969), usually caused by extreme trauma or injury to the 
cell (Kerr, 1972). The main feature of necrosis is an increased cell volume. This occurs 
because loss of the control of ion flux resulting in changes in osmotic pressure as Na ,^ 
K", CA'^ and Mg ^ move down their respective concentration gradients. This in turn 
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leads to uptake of water, giving rise to high ampHtude swelling of cell and its organelles 
(Samali et al.. 1996). The rapid increase in cell volume results in membrane rupture and 
cell lysis (Trump et al., 1981). In necrosis chromatin adapts a highly flocculated form and 
the DNA from these cells is digested randomly to give a smear pattern when analysed b> 
agarose gel electrophoresis (Samali et al., 1996). 
The necrosis occurs in response to a wide varieties of harmful conditions and 
toxic substances including hyperthermia (Buckley, 1972), hypoxia (Laiho et al., 1983), 
ischemia (Borgers et al., 1987), complement attack (Hawkins et al., 1972) metabolic 
poisons (Trump et al., 1984) and direct cell trauma (Trump and Bulger, 1967). However, 
Kerr (1965) observed development of rounded masses in deep hepatic tissue and noted 
morphological differences between this form of cell death and necrosis. These differences 
initially caused some confused with "shrinkage necrosis'. 
In the early 1980s, the nematode Caenorhabditis elegans provided an excellent 
model system in which the stages of physiological cell death were observed during 
development, and the mutants provided an invaluable insight into the cell that implement 
it and the exact count of the cell undergoing apoptosis become possible. 
Among 1090 somatic cells generated during C. elegans hermaphrodite 
development, 131 died, a phenomenon observed in every individual at specific 
developmental stages and position (Ellis et al., 1991). A series of genes that control 
various elements of the PCD process in this organism were identified, ced-3 and ced-4 
required for cell death (Horvitz et al., 1982; Ellis and Horvitz, 1986), while ced-9 
prevented this phenomenon (Hengartner et al., 1992). Ced-9 is negative regulator of ced-
3 and ced-4 and acts upstream of these genes to prevent them from killing the cells. Apart 
from this studies, contributions from White et al. (1994) made amplt clear that 
Drosophila is an equally good model system to study the mechanism of PCD. These 
investigators initiated the work on genomic screening for chromosomal deficiencies, 
which under homozygous conditions prevented embryonic PCD. 
It is now well established that apoptosis is an active cellular death process 
characterised by distinctive morphological changes that include condensation of nuclear 
chromatin, cell shrinkage, nuclear disintegration, blebbing of plasma membrane, and the 
formation of membrane bound apoptotic bodies (Wyllie, 1981). Besides, a plethora of 
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biochemical chianges occurs in apoptotic cells and a molecular hallmark of apoptosis is 
the degradation of the nuclear DNA of the cell into oligonucleosomal-length fragments as 
a result of activation of endogenous endonucleases, recognised as a DNA ladder on 
conventional agarose gel electrophoresis (Wyllie, 1981, Wyllie and Morris, 1982). 
Some of the active processes in dying cells include specific pattern of DNA, 
rRNA and protein degradation (Samali et al., 1996). For DNA, three patterns of 
degradation are recognised to occur during apoptosis. One or more of these may happen 
during the progression of apoptosis in a single cell. These are single strand nicks 
(Gorczyca et al.. 1992; Gramkowski et al., 1986), large DNA fragmentation of 50-200 
kbp (Brown et al.. 1993; Cohen et al., 1994) and nucleosome size fragments of 180-200 
bp size (Wyllie. 1980; Wyllie and Morris, 1982; Wyllie et al., 1984). It is now suggested 
that in early stages of apoptosis, single strand of DNA are nicked, this is followed b> 
fragmentation into 50-200 kbp (large fragments) and eventually into nucleosomal 
fragments (i.e. size of DNA wrapped around a histone octamer). The ladder pattern 
produced at the late stage during most apoptotic cell deaths is a result of cleavage of 
internucleosomal linker DNA, and is suggested as the biochemical hallmark of apoptosis 
(Wyllie and Morris, 1982). 
Internucleosomal DNA fragmentation was first demonstrated in glucocorticoid-
induced apoptosis in thymocytes (Wyllie and Morris, 1982). It is now considered as one 
of the best documented model system for the study of apoptosis (Wyllie, 1980; Cohen 
and Duke. 1984; Arends and Wyllie, 1991). Immature thymocytes were also found to be 
sensitive to the induction of apoptosis by y- irradiation (Sellins and Cohen, 1987), anti-
CD3 antibodies (Smith et al., 1989), DNA topioisomerase II inhibitors (Walker et al.. 
1991) and the environmental toxins (McConkey et al., 1988; Raffrey et al., 1993). 
Besides, dexamethasone exposed thymocytes showed cleavage of DNA into high 
molecular weight fragments and that zinc facilitates their detection by inhibiting their 
further digestion by the Ca^VMg^^-dependent endonuclease (Brown et al.. 1993). Zinc 
also inhibited the etoposide-induced internucleosomal cleavage in leukemia HL-60 
without affecting the amount of DNA strand breakage (Shimizu et al.. 1990). 
Wang et al., (2000) demonstrated the lovastatin induced apoptosis in human 
promyelocytic Leukemia HL-60 cells DNA ladders became apparent at 25 \\M lovastatin 
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and further indication of the dose dependent increases. In a recent study, smokeless 
tobacco extract (STE) was also able to induce a ladder like pattern of endonucleolytic 
DNA degradation and partial reversal of STE induced oligonucleosome length DNA was 
observed in primary culture of human oral keratenocytes, treated with various 
antioxidants (Bagchi et al., 2002). Liang et al.. (2001) studied the mechnism of the effect 
of heparin on apoptosis in the human nasopharyngeal carcinoma CNE2 cells and 
proposed apoptosis associated with the expression of c-myc, bax, bcl-2 proteins by 
incorporating Hoechst 33258 staining, terminal deoxynucleotidyl transferase mediated 
dUTP nick end labelling (TUNEL), in agarose gel electrophoresis. In an another study. 
DNA damage was analysed by DNA ladder on agarose gel electrophoresis in the FRTL-5 
rat thyroid cells exposed to radiation (Del Terra et al., 2001). 
While large number of apoptotic studies carried out in mammals, the same is not 
true in fish. As an initial studies, two aquatic pollutants, copper and prochloraz were tried 
on primary skin epithelial cell culture of rainbow trout. It killed the epithelial cells by 
necrosis, while the copper killed the same cells by necrosis and apoptosis both (Dowling 
and Mothersill, 2001). In teleost cells, Evans et al., (2000) using a flow cytometry as an 
analytical and diagnostic tool in detection of apoptosis, measured alterations in cell cycle 
profiles characteristics of random DNA fragmentation (necrosis) and patterned DNA 
cleavage (apoptosis). 
In rainbow trout hepatocytes exposed to increasing concentrations of cadmium, 
fragmentation of the nuclear DNA into oligonucleosomal-length fragments was observed, 
resulting from an activation of endogenous endonucleases and recognised as a DNA 
ladder on conventaional agarose gel electrophoresis (Risso-de Faverney et al., 2001). 
Apoptosis in the hepatopancrease of microcystin treated carp also showed nuclear DNA 
of high molecular-weight fragmentation (DNA laddering) (Fischer and Dietrich. 2000). 
Bleached kraft pulp mill effluents exposed white sucker showed internucleosomal DNA 
fragmentation in ovarian cells. While, western blotting for ovarian follicular HSP-70 
(Heatshock prolcin-70) indicated the expression of this protein and densitometric 
evaluation of immunoreactive bands revealed HSP-70 expression in exposed fish (Janz et 
al.. 1997). In cultures of rainbow trout hepatocytes, inducfion of apoptosis was analysed 
by using markers both the fragmentation of the nuclear DNA into oligonucleosomal-
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length fragments and the activation of DEVD (Asp-Glu-Val-Asp) dependent protease 
considered as the central mediator of PCD (Risso-de Faverney, 2001). 
Anticancer drugs, radiation and environmental substances are among the common 
DNA damaging agents. A large group of agents that generates reactive species form 
oxygen can also damage DNA. In general it is known that pesticides and herbicides are 
biological active chemicals, a correlation between exposure to these substances and the 
level of DNA damage may be essential. 
Pentachlorophenol (PC?) is a biocide ubiquitously present in our environment, 
despite the efforts to reduce in its production (Who, 1987; Bratanova et al., 1998). It has 
been confirmed that PCP is genotoxic to aquatic organisms (Hedtke et al., 1986; 
Klobucar et al.. 1997; Ali and Ahmad, 1998; Ahmad et al., 2002). In a recent study, PCP 
exposed haemocytes of zebra mussel, Planorbarius corneus, showed micronuclei and 
the nuclei of specific morphology and structure recognised as apoptotic cells. They 
noticed an early phase of apoptosis in isolated and single haemocyte in which chromatin 
formed a dense, crescent-shaped aggregate by the nuclear membrane. It also was noticed 
that the number of such apoptotic cells increased with the PCP concentrations and the 
time of exposure (Pavlica et al.. 2000). 
The degradation of 2,4-D in the environment is relatively rapid and its 
carcinogenic potential is equivocal. There are studies that indicated an increased risk of 
development of malignant tumor in exposed peoples (Blair et al., 1990; Hardeil et al., 
1994). Presence of lipofuscin granules in hepatocytes, as the sign of hepatic damage and 
the depletion of cellular glutathion, ATP and NADH, due to 2,4-D are correlated with the 
cell death (Arias. 1994; Palmeira et al., 1994) further confirmation with respect to 
apoptosis in wide test system is required given to its wide presence in ecosystems. 
Physiological and biochemical alterations if severe enough, will eventually result 
in morphological alterafions or structural modifications followed by functional changes. 
The liver is often the target organ of chemicals induced tissue injuries due to its role in 
biotransformation of xenobiotics and its unique position within the circulatory system 
(Hinton and Lauren, 1990). The fish circulating peripheral blood is also good material for 
studying effects of various agents (Al-Sabti and Metcalfe, 1995). Apoptotic studies in 
liver and blood of C. punctatus have not been undertaken so far. Besides, excellent 
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genotoxic results obtained by PCP and 2,4-D in some of parameters, apoptotic studies are 
both expected and logical more so as a convincing direct proof of genetic damage. 
PROTOCOL FOR DNA ANALYSIS IN APOPTOTIC 
Fish : Channa punctatus (Total number- 36), taken from 
acclimatized stock. 
Chemicals : Pentachlorophenol (PCP, CAS No: 87-86-5. 99% 
purity); concentration, 0.6 ppm 
2,4-Dichlorophenoxyacetic acid (2.4-D. CAS No: 
94-75-7, 98% purity); Concentration: 75 ppm 
Duration : 48,72,96 hr 
Type of treatment : Medium exposure 
Buffers and solutions: 
ACD 
0.48% w/v Citric acid 
1.32%) w/v Sodium citrate 
1.47%o w/v Glucose 
5MNaCl(100ml) 
29.2 gm NaCl 
80 ml DDW 
(adjust volume to 100 ml) 
(autoclaved) 
0.5 M EDTA (50 ml) 
9.35 gm EDTA 
40 ml DDW (magnetic stirrer) 
(adjusted pH to 8.0 by adding 1 gm NaOH pellets) 
(adjusted volume to 50 ml) 
(autoclaved) 
10%SDS 
lOgmSDS(lOOml) 
100 ml DDW 
Heat water bath at 65 °C 
(adjusted pH to 7.2 with few drops of HCl (IN) 
(do not autoclave) 
70%Ethanol(100ml) 
70 ml Ethanol (pure) 
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30 ml DDW 
IMTris(lOOml) 
12.11 gm Tris 
80 ml DDW 
(adjusted pH to 8.0 with few drops of IN HCl) 
(autoclave) 
3 M Sodium Acetate 
24.60 gm Sodium Acetate 
80 ml DDW 
(adjusted volume to 100 ml) 
CIA (24:1) 25 ml 
24 ml Chloroform 
1 ml Isoamylalcohol 
IMNH^Cl(lOOml) 
5.34gmNH^Cl 
80 ml DDW 
(adjusted volume to 100 ml) 
lMKHCO,(100ml) 
10.01 gmKHCO, 
80 ml DDW 
(adjusted volume to 100 ml) 
Digestion Buffer (For tissue) 
2 ml 5M NaCl 
1 ml 1 M Tris 
5 ml 0.5 M EDTA(pH 8.0) 
5 ml 10%SDS 
(final volume adjusted to 100 ml by DDW) 
Lysis solution (For Blood) 
15.5 ml IMNHCl 
4 
1 ml IMKHCO, 
20 1of0.5EDTA(pH8.0) 
(final volume adjusted to 100 ml by DDW) 
SE (For Blood) 
3 ml % M NaCl 
8 ml 0.5 M EDTA (pH-8.0) 
(final volume adjusted to 200 ml by DDW) 
TE Buffer (IX) 
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1 ml 1 M Tris 
20 [i\ 0.5M EDTA (ph-8.0) 
(final volume adjusted to 100 ml by DDW) 
TE Phenol 
100 ml phenol (molten) 
100 ml TE Buffer (pH-8.0) 
100 \i\ p-mercaptoethanol 
0.1 gm 8-hydroquinoline 
(kept in dark bottle) 
Proteinase K 
20 mg proteinase K 
1ml DDW 
(working solution 2.5 |ig/ ml) 
Ethidium bromide 
1 gm ethidium bromide 
100 ml DDW (magnetic stirrer) 
Agarose (1.5%, 100 ml) 
1.5 gm agarose powder 
lOOmlTAE(lX) 
(heated until a clear transparent solution obtained) 
SOX TAE (electrophoresis buffer) 
242 gm Tris base 
57.1 ml Glacial acetic acid 
100ml0.5MEDTA(pH-8.0) 
(Ix working solution is 40 mM tris acetate 
per 1 mM EDTA) 
Glycerol Dye Mix (10 ml) 
6 ml glycerol 
20 mg bromophenol blue 
1ml 1 Ox TAE 
3 ml DDW 
Experimental Design 
• A lot of 36 fish was divided into four experimental groups. 
• Exposed group consisted of a total 24 fish, 12 each for PCP and 2,4-D. 
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. The other group consisted of negative controls of 12 fish. 
. At the end of each specific intervals (48, 72, 96 hr), 4 fish per duration from each 
exposed group were sacrificed. 
. Whole blood was collected separately from each fish by caudal cut. 2 ml of blood was 
taken in centrifuge tube containing 0.4 ml of ACD (Acid Citrate Dextrose solution). 
. The same fish was dissected to take out the liver and 200 mg of hepatic tissue was 
weighed and processed for DNA isolation. 
. The same practice was followed for the control. 
• Positive control included by treatment with ethyl methane sulphonate (EMS, 40 ppm). 
Isolation of DNA from blood 
. Total genomic DNA from whole blood and hepatic tissue was extracted by phenol-
chloroform method of Sambrook and Russel (2000). 
. Double volume of lysis solution (in 2 ml of blood 4 ml of lysis solution) was added to 
the blood in centrifuging tube (15 ml) and was kept to 2-4 hr at 4"C, so that cells lysed 
gently. 
. Sample was centrifuged (4"C) at 5000 rpm for 15 min and pellet was collected by 
discarding the supernatant gently. To the pellet so obtained, equal volume of SE (same 
as sample i.e. 2 ml), 6 \i\ of proteinase K at the rate of 50 ^g/ ml and 1 ml of 10% SDS 
was added (10% SDS is opfional and can be opted for washing purposes). 
. Sample was incubated at 37"C for overnight. 
. 3 ml of TE equilibrated phenol (equal volume of SE and SDS for blood, while for 
hepatic tissue equal volume of digestion buffer) was added to the same tube and 
stirred on overhead shaker for 10 min, followed by centrifugation (4"C) at 5000 rpm 
for 15 min. 
. Upper aqueous phase was gently pipetted out by a wide-bore pipette, without 
disturbance to the interphase to minimize hydrodynamic shearing forces. 
. Equal volume of TE phenol and CIA (1:1; 1.5 ml TE phenol and 1.5 ml CIA) was 
added to the viscous aqueous phase in order to remove residual phenol from the 
sample. 
. After shaking on overhead shaker for 10 min followed by centrifugation (4"C) at 5000 
rpm for 15 min, upper aqueous phase was slowly pipetted out by a wide-bore pipette. 
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. 3 ml of CIA was added to the aqueous phase, after shaking for 10 min, it was again 
centrifuged (4" C) at 5000 rpm for 15 min. Upper aqueous layer was slowly pipetted 
out by wide-bore pipette. 
. Ethanol precipitation was carried out by adding 300 \\\ of chilled 3M sodium acetate 
(I/IO"' volume of phenol), then 7.5 ml of chilled ethanol (2.5 volume of phenol). 
. The centrifuge tube was slowly mixed by turning the tube end to end till the spool of 
DNA cames out. 
. The spool was removed in one piece from ethanolic solution and washed in 70% 
ethanol followed by centrifugation (4''C) at 5000 rpm for 10 min. 
. Ethanol was discarded and the pellet was semi-dried at room temperature. 
. 200-400 \i\ of 1X TE was added to dissolve DNA pellet and stored at -20"C. 
Isolation of DNA from hepatic tissue 
. 200 mg of hepatic tissue was minced by using a mortar and pestle pre-cooled with 
liquid nitrogen. 
. Minced tissue was transferred to centrifuging tube (15 ml) and 2.4 ml of digestion 
buffer (at the rate of 1.2 ml/100 mg) was added. 
. Sample was kept overnight at 37" C after adding 10 i^l proteinase K (20 mg/ml stock 
solution). 
. Phenol-chloroform extraction and ethanol precipitation was performed the same way 
as described in DNA isolation protocol for blood. If ethanol precipitation from hepatic 
tissue precipitation not appeared immediately, it was kept overnight at 0"C. 
The approximate purity of genomic DNA preparation was estimated by 
determining the ratio of absorbency at 260 and 280 nm (A26o/A28o). The DNA samples 
were incubated with 200 |il/ ml RNase for 2 hour at 37" C in order to remove RNA. 
Agarose gel electrophoresis procedure 
. Agarose gels was casted by melting the agarose in the presence of desired buffer until 
a clear and transparent solution was formed. 
. According to the range of separation of linear DNA molecules (1.5% agarose for 0.2-3 
Kbp), 1.5% agarose gel was preferred for the present studies. 
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• 1.5 gm regular melting agarose was dissolved in 100ml IX TAE buffer in Erlenmeyer 
flask by stirring on a hot plate. 
• The glass plate supplied with the electrophoresis apparatus was cleaned and open ends 
were sealed with adhesive tape to form a mold. 
• The glass plate was placed on the levelling horizontal bench, and teflon comb was 
fixed approximately 0.5-1.0 mm above the plate. 
• Agarose solution was poured carefully by avoiding bubbles into the mold and allowed 
to harden at room temperature for 40-45 min. 
• A small amount of electrophoresis buffer poured on the top of the gel and comb were 
removed carefully. 
• The gel slab was mounted on the electrophoresis tank and enough amount of 1XTAE 
buffer was poured to cover the gel to a depth of approximately 1mm. 
• 10 |al DNA sample was mixed with 2 \i\ of glycerol dye mix (Stellwagen et al.. 1998). 
. Sample mixtures of DNA slowly loaded in the slots of the sub-merged gel by a 
disposable micropipette tube. 
. Standard marker Hae III digest of (j)X174 DNA was loaded in the slot on the right side 
of the gel. 
• A voltage of 1.5 V/cm (measured as the distance between the positive and negative 
electrode) was applied. 
. When the bromophenol blue migrated into the body of the gel after a few min and 
when it reached an appropriate distance through the gel, the power supply was cut off 
. The gel was stained in ethidium bromide solution (0.5 (ig/ ml) for 30-45 min at room 
temperature. 
• The pattern of the DNA was observed in gel base documentation system (Bio-Rads). 
RESULTS 
The migration patterns of DNA isolated from whole blood and hepatic tissue on 
1.5% agarose gel electrophoresis generated by single concentration of PCP (0.6 ppm) and 
2,4-D (75 ppm) from different durations are shown in fig. 16 and 17, respectively. Lanes 
from left to right indicate M- Marker (Hae III digest of (pX174); NC- negafive control (no 
treatment) PC- positive control (40 ppm EMS); and the group treated for three different 
durations (48 hr. 72 hr and 96 hr). 
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Apoptosis was identified on the basis of occurrence of cleavage of DNA 
producing Iragmcntation pattern similar to the positive control. No such fragmentation of 
tlic DNA was observed in negative control groups. However, in the positive control a 
pattern can be observed where stacking of some bands are apparent. A few bands above 
310 bp and belo\\ it are clearh visible in these figures. Others are partially masked by 
background. Houcver. the overall fragmentation pattern resembles the ladder-like pattern 
obtained b\ other workers without end-labelling (Singh, 2000; Risso-de Faverney et 
al..2001;Bagchictal., 2002) 
In the tieated groups, the damage v>as observed in blood DNA after 72 hr 
exposure to both the tested compounds (Fig. 16. a and 17. a). However, after prolonged 
exposure of 96 hr a smear of DNA was appeared. In the PCP and 2,4-D exposed liver, 
DNA damage was observed after exposure of 96 hr producing a single band of 
fragmented DNA below 310 base pairs. 
carcinogenesis. However, apoptosis in the liver has not been extensively studied and 
almost no attention has been devoted to fish cells. Previous studies have shown apoptosis 
in the skin epithelial cells of carp and rainbow trout exposed to cadmium (Iger et al.. 
1994: Lyons- Alcantara et al.. 1998). A rare study the TBT triggered apoptosis in trout 
hepatocytes (Reader et al., 1999). The effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) on cell death in zebrafish, Danio rerio was investigated by TUNEL staining and 
significantly increased occurrence of pycnotic cell death was observed. The ultrastructure 
of these pycnotic cells showed apoptotic features such as condensation and cleavage of 
chromatin (Dong et al., 2001). 
The assessment of oxidative DNA damage is metabolically complement cells 
(such as fish hepatocytes) appeared to be a promising approach in aquatic toxicology 
(Lemaire and Livingstone, 1993). Many aquatic xenobiotics could enhance oxiradical 
production as a result of their biotranfromation. DNA single strand breaks may provide a 
meaningful indications of the degree of oxidative DNA damage (Imley and Lin, 1998). 
The detection of these breaks has recently been developed in primary cultures of rainbow 
trout hepatocytes exposed to genotoxic model molecules (hydrogen peroxide and 
benzo[a]pyrene) (Devaux et al., 1997). 
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It is known that cellular environment influences the cell function and that factors 
in the cellular environment also regulate the response to genotoxic stress. These factors 
activate receptors and transmit signals in the cell. These signals may affect the response 
to DNA damage. DNA strand breaks activates special signaling systems. Consequently 
the cells resist toxicity, or it may actually mediate the toxic impact of DNA damage. Poly 
(ADP-ribose) polymerase, PAR? and the tumor supressor p53, are two molecules that are 
activated by DNA damage and that regulate apoptosis. Thus, DNA damage, DNA repair 
and signals generated by the residual DNA breaks are likely to govern cell death through 
these systems. 
The apoptotic PCD involves a syndrome of mechanisms with effectors, adaptors, 
regulators and signals as well as the familiar activity of endonucleases (Krishnamurthy et 
al., 2000). A number of endonucleases have been identified in different cell systems with 
different ion requirement for activity (Fernandes and Cotter, 1993). 
The role for proteases in the apoptosis machinery has also been suggested (Martin 
and Green. 1995). The initial evidence for such involvement came from studies on 
apoptosis induced by cytotoxic T lymphocytes (CTL) and natural killer (NK) cells. These 
cells induce apoptosis by attaching themselves to target cells and releasing the contents of 
their granules, which contain a number of serine proteases (Samali et al., 1996). Some of 
the substrates of these proteases, which have been shown to be cleaved during apoptosis 
include poly-(ADP-ribose) polymerase (PARP), lama Bl, x-fodrin, topioisomerase 1 and 
the 70-kDa protein component of the small nuclear ribonucleoprotein Ul (Martin and 
Green, 1995; Lazebnic et al., 1995). However, PARP a substrate of CPP-32, has received 
considerable attention in recent years. The PARP enzyme is involved in DNA repair; it is 
activated by DNA nicks and is recruited to the sites of damage where it activates DNA 
repair enzymes (De Murcia, 1994), PARP is cleaved rapidly during apoptosis induced by 
a variety of agents suggesting that this may be an integral event in the apoptosis process. 
Cleavage of PARP prevents its DNA binding ability and thus compromises the response 
to DNA damage (de Murcia et al.. 1991; Kaulmann et al., 1993). Furthermore. PARP has 
a negative regulatory effect on the Ca"^ / Mg -^ dependent endonuclease (Tanaka et al.. 
1984) which cleaves DNA during apoptosis. 
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In recent years, enough evidence has been gathered to suggest a role for the 
protein products of a number of proto-oncogenes and tumor supressor genes in the 
regulation of apoptosis (Samali et al., 1996). For example wild type p53 and c-myc are 
both inducers of apoptosis (Evan et al., 1992; Shaw et al., 1992; Shi et al., 1992). These 
two genes were originally identified because of their role in the regulation of cell 
proliferation. However, p53 has been recognised as key regulatory element in apoptosis. 
It is a transcription factor, which plays an important role in the mechanism of DNA repair 
in normal cells. When a cell encounters agents that cause DNA damage, p53 halts cell 
cycle progression in GO/ Gl by transcribing mitotic inhibitors. In the mean time, the cell 
attempts to repair its damaged DNA. If the damage to DNA is irrepairable, p53 triggers 
apoptosis. In the event if the regulatory function of p53 fails, cells with mutations in their 
DNA can progress through the cell cycle. Normal p53 also regulates the expression of a 
number of key regulatory proteins (eg. Bcl-2 and bax) involved in apoptosis (Miyashita, 
et al., 1994; Reed, 1994). P53 has been implicated in the regulation of cell death and 
proliferation. The host response was measured by TUNEL method in liver of the fish 
Fundulus grandis, and a significant decrease in the level of apoptosis and a significant 
increase in the level of p53 was found (Blas-Machado et al., 2000). 
Bcl-2 is a unique oncogene in that it blocks apoptosis rather than promoting 
proliferation. It was originally discovered as a proto-oncogene that was activated in 
lymphomas by translocations that result in its over expression. Bcl-2 is also known as 
vertebrate counterpart of ced-9 (Lewin, 1997). It has been localised to mitochondrtia, 
endoplasmic reticulum, and nuclear membrane. Bcl-2 appears to have antioxidant 
properties and is thought to inhibit apoptosis by preventing oxidative damage to cellular 
constituents (Hockenbeiy et al., 1993). The Bcl-2 family of proteins include both the 
preapoptotic (bax, bak. bok etc.) as well as the antiapoptotic (bcl-2, bcl-Xi,, bcl-w etc.) 
members which function primarily with the mitochondria in controlling cell death in 
vertebrates (Krishnamurthy et al., 2000). It is now an established fact that mitochondria 
which are called the 'power house' of the cell, not only generate energy for cellular 
activities but also play important role in cell death (Green and Reed, 1998; Adams and 
Cory, 1998). They release several death-promoting factors such as cytochrome c (which 
contributes to caspase activation), Apaf-1, apoptosis inducing factor (AIF), procaspase-3. 
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Ca'^ and reactive oxygen species (ROS) in response to various stimuli. Reportedly 
mitochondria also play a pivotal role in conducting the apoptotic signal induced by 
acetaminophen treatment through an induction of cytochrome c release into the cytosol of 
treated cells (Boulares et al., 2002) 
Nuclear fragmentation is preceded by the condensation and marginalization of 
chromatin in the nucleus. Fragmentation of DNA takes place at the nucleosome linker 
sites and the fragmented oligonucleosomal bits are reported to be of 180 bp (Dannon and 
Gallois, 1998). Fragmentation is affected by endonucleases such as NUC18, Dnasel and 
Dnasell (Tanuma and Siokawa, 1994), which are present in the nucleus and are activated 
by Ca'^ and Mg"^ "^  but inhibited by Zn^ "". Electrophoretic separation exhibits these DNA 
fragments as a "ladder formation', the rungs of the ladder are multiples of 180 base pairs. 
The apoptotic bodies are the result of breakup of nuclear material into several 
membrane bound bodies (Zhang et al., 1996; Samali et al., 1996; Cai et al., 1997; Save et 
al, 2001; Nodera et al., 2001). These may vary in size, and the number of apoptotic 
bodies produced from dying cells are further shown to be related to the size of the cell 
(Wyllie et al., 1980). 
However, intemucleosomal DNA cleavage should not be the sole criteria for the 
identification of the apoptosis (Colins et al., 1992). If there is no early DNA 
fragmentation PCD is marked by extensive vacuolization (Cornillon et al., 1994). 
Apoptotic bodies express surface markers helping them to be rapidly phagocytosed by 
macrophages or neighbouring cells which digest them (Savill et al., 1990; Savill et al., 
1993; Gabriela et al., 1998). All this takes place without any leakage of cellular 
constituents. It is now possible to distinguished between apoptotic and necrotic 
development in living cells using fluorescent microscopy (Gabriela et al., 1998). 
Recent studies have shown that DNA fragmentation associated with apoptosis is 
mediated by DNA fragmentation factor which is activated by caspases mainly caspase-3 
is composed of two protein subunits a 40 kd caspase activated nuclease and its 45 kd 
inhibitor (Jacobson et al., 1997). 
It is well known that PCP causes uncoupling of oxidative phosphorylation 
(Weinbach and Garbus, 1965) which causes a reduction in the level of ATP (Tjeedema et 
al., 1991). This could inhibit the cell cation pump allowing an influx of sodium, chloride. 
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calcium into the cell (Fawthrop et al., 1991). On the other hand, apoptosis depend on 
Ca^ ^ level in the cell, the higher the Ca^ '^  level- the higher the apoptosis (Fawthrop et al., 
1991: Trump, 1996). 
It was already mentioned that chlorophenoxy herbicides like 2,4-D is reported to 
be uncoupler of oxidative phosphorylation and also disrupt the phospholipid bilayer of 
mitochondrial membrane (Zychlinski et al., 1990; Palmeira et al., 1994). In later studies it 
was found that uncoupler of oxidative phosphorylation can pre-sensitize some cells for a 
Fas-death signal and provide information about the extensive pathways in induction of 
apotosis (Linsinger et al., 1999; Krocher, 1998). 2,4-D might be causing apoptosis by 
disrupting mitochondrial transmembrane potential and thus releasing cytochrome-c. 
2,4-D has already been shown to induce hepatotoxic damage which are correlated 
to cell death (Arias, 1994; Palmeira et al., 1994). These effects agree with the reported 
activity of the herbicide as a peroxisome proliferator in mice, rats and Chinese hamsters 
(Linnainma. 1994; Blair et al., 1990). In relation to chemicals having this type of activity, 
a hypothesis has been developed suggesting that the induction of peroxisomal beta-
oxidation increases the hydrogen peroxide levels and cause oxidative stress in the cell 
(Blair et al., 1990). During this process it is known that free radicals and the depletion of 
the cellular GSH render the cell more susceptible to the development of lipid 
peroxidation and oxidation of thiols, proteins and DNA (Palmeira et al., 1995). These 
actions may explain an indirect form in which the genetic material could be affected by 
the chemical (Madrigal Bujaidar, 2001). 
The incidence of apoptosis, or programmed cell death, in fish cells may have 
utility as a biomarker, and the effects may be related to reproduction offish. Cell death in 
liver and gonad can directly impair reproductive output. A technique have been 
developed to measure the DNA cleavage (the TUNEL assay) on field and laboratory 
samples. Another technique that screens for caspase activity in primary cultures of 
topsmelt liver cells. Caspase (cysteine aspartate protease) activity is an early sign of 
apoptosis and is specific to the apoptotic cellular pathway. This particular pathway has 
broader potential as an early-warning technique, because caspase 3 activity is a crucial 
bottleneck in the apoptotic cascade. Using a fluorogenic peptide substrate (Asp- Glu-Val-
Asp-AMC) specific for caspase 3 activity, caspase activity was examined in topsmelt 
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hepatocytes exposed to cadmium (0, 10 and 100 ppb concemrations) for 12 hr. A 
significantly higher caspase 3 activity levels with increasing cadmium dose in topsmelt 
liver cell extracts. The caspase technique is amenable to automation, once basic kinetics 
of response are better. 
End labeling to detect DNA fragmentation is a more recently developed technique 
for identifying apoptotic cells. Basic protocols are based on the TdT-mediated dUTP-
biotin nick end labeling (TUNEL), method which detects apoptotic cells by using the 
enzyme terminal deoxynucleotidyl transferase TdT) to directly label the ends of broken 
DNA strands. This method is suitable for both quantitative and qualitative analysis. 
TUNEL is not only sensitive for detecting apoptotic cell death, but is also sensitive for 
detecting DNA fragmentation or breaks induced by chemical mutagens and nonmutagens 
equally (Nakagawa et al.. 1997). 
The Definite DNA degradation found in this study by PCP and 2,4-D in a very 
specific pattern producing fragments of DNA that were muhiples of 180 - 200 base pairs. 
This is the length of DNA wrapped around the histone octamer in a nucleosome, which 
indicate that the chromatin is being cleaved at the linker DNA between nucleosomes, 
producing oligonucleosomal fragments. These results identified what was, at that time 
(and to some extent still is), the only known significant biochemical event that occurs 
during the apoptotic process. Since the initial discovery of internucleosomal DNA 
cleavage in glucocorticoid-treated thymocytes, this process has been observed in almost 
all of the instances of apoptosis that have been studied (Schwartzman and Cidlowski, 
1993). 
The internucleosomal DNA fragmentation and the cleavage of many house 
keeping proteins such as poly(ADP-ribose) polymerase, and lamins (Cohen, 1997). 
Apoptosis can be triggered by various agents, including endogenous cytokines and 
therapy to drugs (Fulda et al., 1998b; Iyer et al., 1998; Giardina et al., 1999), and its 
initiafion and execution are mediated by the activation of a family of aspartate- specific 
cysteine proteases known as caspases (Cohen, 1997). 
Boulares et al., (2001) have shown that po]y(ADP-ribose) polymerase together 
with the DNA fragmentations factor and mitochondria, contributes to an amplification 
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phase of TNF-a- induced apoptosis. poly(ADP-ribose) polymerase is cleaved during 
apoptosis by caspase-3 induced by cytotoxic as well as physiological stimuli. 
The near universal presence of internucleosomal cleavage in apoptotic cell 
suggests that there may be a common mechanism by which apoptosis occur in different 
cell types and also that DNA fragmentation is an important part of the cell death 
mechanism (Schwartzman and Cidlowski, 1993). Results of the present study confirmed 
this and are basic to understand the mechanisms of apoptosis, with particular regard to 
recognition of early biochemical events in DNA degradation. Studies further help in 
identification of apoptotic cells at an early stage of commitment. 
The apoptosis has great application asset as its implications for diseases where it 
is the cause for pathology such as Parkinson's disease, Alzheimer's disease and 
Huntington's disease (Saran, 2000). The significance of the apoptosis is based on the fact 
that apoptotic cells tend to be environment friendly and package their contents into 
membrane-bound vescicles (Samali, 1996). In the past several years, many insights have 
been made into the biochemical and molecular mechanism of apoptosis. The progress is 
substantial since apoptotic cells were first identified, there is clearly a long way to go 
until we fully understand the induction and progression of apoptosis (Schwartzman and 
Cidlowski, 1993). Although the techniques are complicated, some can be automated in 
the future for high-output monitoring and that such new immunological and biochemical 
screening tools are the "wave of the future' in pollution monitoring. 
In conclusion, occurrence of changes leading to apoptosis by PC? and 2,4-D after 
longer duration appears lo begin with the formation ol" large fragments of DNA at 48 hr 
exposure. The presence of such large DNA fragments at 48 hr (Fig. 16 b and 17 b, lane 
48 h) is a characteristic of preapoplotic cells, which precedes DNA fragmentation of 
smaller size. Similar results were also reported by Risso-de Faverney et al., (2001) in 
trout hepatoc>tcs, b\ Bagchi et a!.. (2002) in different organs of mouse and by Singh 
(2000) in cultured hmphocytcs .-M\er the prolonged exposure of 96 hr necrosis was 
observed in the ibrm ofDNA smears in blood. 
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Fig. 16 Agarose gel electrophoretic patterns of DNA stained with ethidium bromide, isolated 
from blood (a) and hepatic tissue (b). Lanes from left to right: M- Marker Hae III digest of 
(t)Xl 74; NC- negative control; PC- positive control (40 ppm EMS); and PCP treated groups 
(48h,72hand96h). 
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Fig.l 7 Agarose gel electrophoretic patterns of DNA stained with ethidium bromide, isolated 
from blood (a) and hepatic tissue (b). Lanes from left to right: M- Marker Hae III digest of 
(t)Xl 74; NC- negative control; PC- positive control (40 ppm EMS); and 2,4-D treated groups 
(48h,72hand96h). 
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Chapter 7 
INTRODUCTION AND REVIEW OF SINGLE CELL GEL 
ELECTROPHORESIS (SCGE) 
A number of techniques for detecting DNA damage, as opposed to the biological effects have been used to identify substances with genotoxic activity. Since the 
effects of environmental toxicants, cancer and aging are often tissue and cell type 
specific, it is important to develop techniques which can detect DNA damage in 
individual cells. The single cell gel electrophoresis (SCGE) assay also known as 'comet 
assay' is a simple, rapid and sensitive fluorescence microscopic technique for analysing 
and measuring DNA damage in individual cells. 
Rydberg and Johanson (1978) were the first to directly quantitate DNA damage in 
individual cells by lysing cells embedded in agarose on slides under mild alkali 
conditions to allow the partial unwinding of DNA. After neutralisation, the cells are 
stained with acridine orange and the extent of DNA damage quantitated by measuring the 
ratios of green (indicating double stranded DNA) and red (indicating single stranded 
DNA) fluorescence using a photometer. To improve the sensitivity for detecting DNA 
damage in isolated cells, Osfling and Johanson (1984), developed a microgel 
electrophoresis technique. In their technique cells were lysed by detergents and high salt 
and the liberated DNA electrophoresed under neutral condition for a short period. Cells 
with an increased frequency of DNA double strand breaks displayed increased migration 
of DNA towards anode. The resulting images, which were subsequently named for their 
appearance as 'Comets" were measured to determine the extent of DNA damage. 
Subsequently, Singh et al., (1988) introduced a microgel technique involving 
electrophoresis under alkaline conditions (pH< 13). This assay made possible the 
detection of single-strand breaks and alkali labile sites. However, the method published 
by Singh et al., (1988) makes the comet assay versatile and forms the basis for all 
developments that have taken place in this field. 
Many research groups have applied this method to assess DNA damage induced 
by various genotoxic agents and to evaluate subsequent enzymatic repair (McKelvey-
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Martin et al.. 1993; Faribairn et al., 1995). Singh et al., (1990) modified the procedure 
using the lysed cells in their report on DNA damage induced by x-ray irradiation. The 
exquisite sensitivity of the comet assay, and hs ability to measure DNA damage in 
individual cells, has destined it to become a tool in rapidly predicting the genotoxicity of 
the compound of interest. 
The comet assay is based on the principle that DNA damage reduces the size of 
DNA fragments. The effect is detected by applying an electrophoretic field to lysed cells. 
The stained DNA fragments form a typical comet shaped migration pattern. Briefly, cells 
are exposed to test compound, spread on agarose coated slides, lysed. subjected to 
electrophoresis and stained with ethidium bromide (Helma and Uhl. 2000). 
The comet assay can theoretically be applied to every type of eukaryotic cell 
(Tice et al., 1991), including plant cells. This was demonstrated by Cerda et al., (1993) 
who reported the detection of DNA fragments in irradiated food, including vegetables. 
Koppen and Verschaeve (1996) for the first time applied this test under alkaline 
conditions to plants. Roots and seedlings of broad bean (Vicia faba) were exposed to 
various chemicals such as methyl methane sulphonate (MMS), ethyl methane sulphonate 
(EMS), mitomycin C, cyclohexamide cadmium chloride etc. Navarrete et al., (1997) also 
reported the genotoxic effects of ionizing radiation by the same assay in Allium cepa. 
Chromosomal or DNA damage is generally accepted to demonstrate a strong correlation 
with mutagenic and carcinogenic events. By applying molecular epidemiology analysis to 
human tumors, specific mutagenic events have been shown to be related to progression 
through carcinogenesis (Fearon and Vogelstien, 1990). 
Most of the reports using the single cell gel assay in determining genotoxicity 
appeared in rat studies in vivo. These results are particularly appealing because they 
include information about the distribution of damage in the target tissues. It is of some 
concern that systematically acting genotoxic agents do not always produce positive 
results using in vitro assay systems (Fairbairn et al., 1995). 
The versatility of applications of the comet assay indicates its usefulness in 
addressing a wide range of questions in biology, medicine and toxicology. Interest in the 
assay has grown substantially, because of the ability it has shown to provide sensitive 
detection of DNA strand breaks at the level of single cell. Initially rooted in radiation 
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biology, the system is already showing considerable promise as rapid predictor of 
genotoxicity in in vitro and in vivo experimental designs with equal efficiency. (Fairbairn 
etal., 1995). 
Attractive uses of this assay in genetic toxicology include as a potentially high-
throughput screening assay in mechanistic studies to distinguish between genotoxicity 
versus cytotoxicity, and mechanistic of chromosomal damage in in vivo studies to 
distinguish between genotoxic versus non-genotoxic carcinogens and above all. as part of 
battery of in vitro/ vivo assays used for regulatory submissions (Tice et al., 2000). 
However, the SCGE assay has yet to undergo appropriate multilaboratory, international 
validation studies to demonstrate its interlaboratory and intralaboratory reproducibility 
and reliability and the adequacy of its performance against currently accepted methods. 
As a test for genotoxicity, the comet assay can be used to identify possible human 
mutagens and carcinogens (Anderson et al., 1998). However, a perfect correlation 
between chemicals positive in this test and carcinogenicity is not expected. The 
correlation would be expected to depend on chemical class and on the mechanism of the 
carcinogenecity involved. 
Many published studies on comet assay have used freshwater fish. Only Nacci et 
al., (1996) and Belpaeme et al., (1998) reported on the application of the comet assay to 
marine flatfish. In the marine environment, flatfish are especially suitable and 
recommended for monitoring purposes being sediment dwellers and sediments are known 
sinks for contaminants. 
This assay has been used extensively over the past decade and has the wide range 
of potential applications (Fairbairn et al.. 1995) including use as a biomonitoring tools in 
contaminating environments. Many studies supported and proved the relevance of fish 
erythrocytes for SCGE in in situ pollution detection and ecotoxiclology studies (Bombail 
et al., 2001; Sumathi et al., 2001; Banu et al., 2001; Tiano et al, 2000; Abd-Allah et al., 
2001). The assay has been successfully applied to the nucleated red blood cells in several 
fish species (Nacci et al.. 1996; Balpaeme et al., 1996; Mitchelmore and Chipman, 1998). 
where exposure of fish to genotoxic agents cause DNA damage clearly visible after 
alkaline electrophoresis as a comet tail. 
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There has been fewer studies utilizing these techniques as a field biomarker fish 
sampled from aquatic environments. DNA damage in eyrythrocytes from bullheads. 
Aneiurus nehulosus and carps Cyprinus carpio was shown to be related to contaminant 
level in the sediments from North American lakes (Pandrangi et al., 1995). Devaux et al.. 
(1998) demonstrated that the level of DNA damage was higher in eryhtrocytes of chub 
Leucicus cephalus sampled in polluted sites on the Rhone river, France (containing 
PAH's PCB's and heavy metals) compared to those from a reference area. The genotoxic 
effect was also correlated with the induction of hepatic EROD, biomarker of exposure as 
far as we are aware this technique has never been applied to marine fish sampled form the 
field for the purpose of pollution effects monitoring in marine or estuarine enviroments 
(Bombailetal., 2001). 
Banu et al., (2001) reported monocrotophos exposed Tilapia mossambica 
showing DNA strand damage after 24 hr, as well as a gradual decrease in mean comet tail 
length was noticed at longer duration, indicating DNA repair. In rainbow trout and 
channel catfish, aflatoxin 31 also showed a variation of DNA damage in different organs 
(Abd-Allah et al., 1999). Induction of single strand DNA damage by the heat shock 
temperatures was also noted along with, an increase in comet tail length of kidney cells in 
gold fish. Carassius auralus (Anitha et al., 2000). 
The intensity of the stain in the comet tail region is presumed to be related to 
DNA content, and DNA damage has been estimated from measurements of tail length, 
comet length, tail moment or tail ratio (Olive, 1989; Singh et al., 1988). An increasingly 
popular method of comet evaluation is an endpoint referred to as the 'tail moment', 
which is defined as the product of the tail length and the fraction of total DNA in the tail. 
Tail moment incorporates a measure of both, the smallest detectable size of migrating 
DNA (reflected in the comet tail length) and the number of relaxed/broken pieces 
(represented by the intensity of DNA in the tail (Fairbairn et al., 1995). 
The evaluation of DNA damage in fish using the comet assay frequently involves 
the erythrocytes because of their ready availability and ease of collection (Moretti et al.. 
1998; Pandrangi et al.. 1995). The easy and non-destructive sampling, and requiring no 
further isolation steps are other assets (Belpaeme et al., 1998). Because of their role in the 
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transportation of oxygen via hemoglobin, erythrocytes are constantly exposed to reactive 
oxygen species (ROS) (Tiano et al., 2000). 
A study on pentachlorophenol on haemocytes of zebra mussel {Dreissenu 
polymorpha. Pallas) with an intention of detecting DNA damage by comet assay and its 
various endpoints, like tail length, tail moment and percentage of migrated DNA was 
particularly interesting (Pavlica et al., 2001). Similarly, there is a report confirming that 
2,4-D induced lipid peroxidation in isolated hepatocytes and a parallel response between 
lipid peroxidation and DNA damage existed and can be measured by the comet assay in 
rainbow trout branchial tissue (Madrigal-Bujaidar et al, 1999b). 
In the present chapter, the DNA damaging potential of PCP and 2,4-D is 
undertaken by SCGE in erythrocytes of Channa punctatus including observations on 
comet tail length. 
PROTOCOL FOR SINGLE CELL GEL ELECTROPHORESIS 
Fish 
Chemical 
Duration 
Type of treatment 
Statistical test 
Channa punctatus (Total number- 108) taken from 
acclimatized stock. 
Pentachlorophenol (PCP, CAS No: 87-86-5, 99% 
purity); concentrations, 0.2, 0.4, 0.6 ppm 
2,4-Dichlorophenoxyacetic acid (2.4-D. CAS No: 
94-75-7, 98% purity); concentrations. 25. 50, 75 
ppm 
48, 72, 96 hr 
Medium exposure 
Student's / test 
Solutions and buffers: 
Isotonic solution 
0.1 M phosphate buffer 
0.1 MNaCl, 
0.2% citrate. 
ImMEDTA. pH 7.8 
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Phosphate Buffer SaUne (pH-7.4) 100 ml 
(used for preparing LMA & RMA) 
136mMNaCl- 794.8 mg 
2.68mMKCL- 19 mg 
8.10mMNa,HPO,-20mg 
1.47 mM KH,PO,- 140 mg 
Alkaline Buffer (100 ml) 
300mMNaOH 30mllmNaOH 
1 mMEDTA(pH-13) 0.2 ml 0.5 M EDTA 
(adjusted volume to 100 ml by adding DDW) 
Neutralizing Buffer (50 ml) 
0.4 M tris (pH-7.5) 
2.42 gm Tris base 
40 ml DDW 
(adjusted volume to 50 ml by adding DDW) 
0.75 % Regular Melting Agarose (RMA) 
750 mg RMA 
100 ml DDW 
(heated gently to dissolve completely until a clear solution is 
obtained) 
0.5% Low Melting Agarose (LMA) 
500 mg LMA 
100 ml PBS 
(heated gently to dissolve completely until a clear solution is 
obtained) 
0.5 M Tris HCl (25 ml) 
1.97 gm Tris HCl 
20 ml DDW 
(adjusted volume to 25 ml by adding DDW) 
1 M NaOH (50 ml) 
2 gm NaOH pellets 
40 ml DDW 
(adjusted volume to 50 ml by adding DDW, precaution taken 
because reaction is exothermic) 
Lysis Solution (50 ml) 
2.5 M NaCl 25 ml % M NaCl 
100 niM EDTA 10 ml 0.5 M EDTA 
lOmMTrisHCl(pH-lO) 1 ml 0.5 M Tris 
1% Sodium N luaryl-
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Sarcocinate (500 mg) 
l%TritonX-100 0.5 ml 
10% DMSO (5 ml, added just before use) 
X 
Ethidium Bromide (20 \igl ml) 
100 \i\ ethidium bromide 
(stock solution 10 mg/ ml) 50 ml DDW 
Experimental design 
. A lot of 108 fish was divided into four experimental groups. 
. Exposed group consisted of 72 fish, 36 each for PCP and 2,4-D. at the rate of 12 fish 
per duration. 
. The other three groups consisted of negative (tap water), solvent (0.2% ethanol) and 
positive (40 ppm EMS) controls consisfing of 12 fish each (total 36). 
. At the end of each specific intervals 4 fish per duration were sacrificed and blood 
collected. 
Preparation of cell suspension 
. Freshly drawn blood (0.5 ml) was added to isotonic solution for dilution (Moretti et 
al.. 1998; Tianoetal., 2000). 
. h was incubated in dark or dim light to prevent the occurrence of addifional DNA 
damage. 
Slide preparation 
• The three layer procedure adopted (Singh et al., 1998; Klaude et al., 1996). The steps 
included: 
. Conventional microscopic slides were cleaned with 100 % ethanol and flamed. 
. Two solutions containing 1% regular melting agarose (RMA) and 0.75 % low melting 
agarose (LMA) were prepared in Ca^ -^Mg^^ free phosphate buffer saline. 
. First layer on the slide was prepared by dipping in the molten 1% RMA, and allowing 
the gel to dry at room temperature. This ensured the even and firm attachment of the 
second LMA layer. 
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• The 15 1^1 of the diluted cell suspension was mixed with 150 |^ 1 of 0.75% LMA and 
kept at 3 7T . 
• Immediately after mixing, 15 |al of this LMA suspension was pipetted on to the first 
layer, and immediately covered with a 30 X 18 mm coverslip. 
» The slide with second layer (LMA) was kept on a metal tray on ice for solidification 
of agarose. 
• After gently removing the coverslip, the slide was covered with a third layer of 75 |.il 
of 0.75% LMA, again covered by a coverslip and left polymerization for (20 min) on 
the metal tray on ice. 
• The coverslip was gently removed and; thus slides prepared were ready for lysis 
treatment. 
Treatment in lysis solution 
. The slides with solidified agarose were carefully immersed in ice-cold freshly 
prepared lysis solution for 1 hr at 4°C in dark. This step lysed the embedded cells and 
permitted DNA unfolding. 
Alkaline unwinding 
. Following lysis treatment, slides were kept in alkaline (pH>13) electrophoresis buffer 
for 20 min. 
• It produced single stranded DNA and expressed alkali labile sites as single strand 
breaks. 
Electropli ores is 
• After alkaline unwinding, the single stranded DNA in the gels was electrophoresed in 
alkaline buffer, (pH>13) the same buffer used during alkali unwinding. 
• Electrophoresis was continued for 20 min by applying an electric field of 25V and 
adjusting the current to 300 mA. 
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Neutralization 
. After electrophoresis, alkali in the gel was neutralized by rinsing the slides in 0.4 M 
Tris-HCl buffer (pH 7.5). 
• Three washings of Tris buffer for 5 min each were given to neutralize alkali and 
remove detergents. 
• Complete removal of alkali and detergents was desired, or else, there was interfere 
with ethidium bromide staining. 
Ethidium bromide staining 
• Slides were stained by adding 100 i^ l of ethidium bromide (20 |ag/ml) for 20 min. 
. The slides were stored in a humidified sealed box to prevent drying of the gel and 
analyzed within 48 hr. 
Comet scoring 
• All slides, including positive, solvent and negative controls were independently coded 
before scoring. 
• Five good slides were selected of exposed and controls. 
. The extent and distribution of DNA damage indicated by the comet assay were 
evaluated by examining at least 50 cells per slides. 
• These cells were scored manually according to tail size. 
• The observation and measurement of comet tail length were taken at 45 X magification on a 
microscope (Olympus, CH2) with a separate fluorescent attachment (Olympus), which was~ 
devoid of any documentation system, and assay is based only on visual observation. 
. The comet tail length was measured with a calibrated ocular micrometer disk. 
Quantification of the DNA damage was estimated as comet tail length (fim), measured 
from the middle of the head to the end of the tail (Banu et al., 2000), as: 
Comet tail length ((jm) = (total length of comet) - (head diameter) 
The following criteria were followed during the comet scoring 
- measurements near the edges of the slides were avoided 
- no cells were scored near or in a trapped air bubble 
- only slides with low background were used 
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- comets with no heads and images with nearly all DNA in the tail or with a 
very wide tail were excluded from evaluation because they may represent 
dead cells (Hartmann and Speit, 1997). 
Statistical analysis 
• The significance of mean comet tail length (i^ m) for specified duration of exposed and 
controls was evaluated by the student's t test at 0.05 level of significance. 
RESULTS 
Table 12 and 13 shows the effect of treatment with 2,4-D and PCP on DNA 
migration, while Figure 18 (a, b) shows the comparative account of mean comet length. 
Many cells observed were of undamaged cells. The DNA migration was clearly 
enhanced with PCP and 2,4-D over the negative control and found significant on 
comparison (p < 0.05). The positive control also showed significant DNA damage at all 
variable exposures, while in solvent control DNA damage was found insignificant as 
compared to negative control. Increase in concentration and duration, found proportional 
to comet tail length that recorded a corresponding increase showing a dose-response 
relationship in both the chemicals. 
The highest DNA damage due to PCP at 96 hr exposure (in 0.6 ppm) was 
recorded; the mean comet tail length 8.12 ± 1.12 \im. While, in 0.2 ppm mean comet tail 
length was recorded in the range of 2.33 ± 0.70-3.65 ± 0.85 |im after 48-96 hr. Similarly, 
in concentration 0.4 ppm, the mean comet tail length at duration 48-96 hr was found to 
be 4.08 ± 0.61-5.75 ± 1.05 i^ m. In 2,4-D group also the DNA damage was significantly 
enhanced over the entire range of concentration. At the lowest concentration (25 ppm). 
mean increased 1.95 ± 0.52-2.80 ± 0.79 i^ m after 48-96 hr of exposure. Increase in mean 
comet tail length was also continued in 50 ppm and the highest DNA damage at 96 hr in 
75 ppm recorded the mean comet tail length of 6.80 ± 1.25 (am. Between the two. PCP 
was found to be more effective in damaging DNA as the mean comet tail length was 
consistently elevated in all concentrations and duration compared to 2,4-D. 
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DISCUSSION 
The alkaline comet assay provides a sensitive method to detect DNA single strand 
breaks and alkali labile sites at the single cell level. At present, more that 200 agents/ 
factor have been investigated (Anderson and MacGregor, 1998). Since, the technique is 
relatively nev^ /, workers have not yet succeeded in elucidating the exact biological 
significance of the comets. Its relevance in detecting genotoxicity, cytotoxicity and DNA 
repair activity is considered established by some author (DeBoeck et al., 2000). 
The comet assay can be a useful tool to screen the genotoxic potential of 
environmental samples is beyond doubt. Genotoxicity of polluted water was evaluated in 
vitro by treating primary cultures of hepatocytes or in situ by catching animals in sites 
known as to contain hazardous substances. In the first case organic extracts of sediments 
of the rivers Aubonne and Rhine (Switzerland) were prepared with dichloromethane and 
were added to primary cultures of rainbow trout {Onchorhynchus mykiss) hepatocytes 
(Devaux, et al., 1997). The results showed a significant increase in comet percentage in 
affected cells treated with low concentrations of sediment extract of the two rivers. 
Pollution related DNA damage in cultured trout hepatocytes assist by using comet assay 
was found approximately 1.5 times greater that that of control level with the undiluted 
water samples upstream and downstream site (Risso-de-Faverney, 2001). 
An alkaline version of the comet assay was discovered in the mean time that in 
order to increased its sensitivity (Singh et al., 1988). The use of 0.3M NaOH in both the 
unwinding and electrophoresis steps, is more than what is commonly used for alkaline 
gels in molecular biology practice. The strong alkaline solution takes a high proportion of 
the electrical current, compared to the DNA; the rate of migration is thus low. Hence, 
rather condensed comet tails. Olive et al., (1992) observed that if the slides with cells 
lysed in high salt were not equilibrated with the running buffer electrophoresis. When we 
subjected the gel to electrophoresis in weak alkali (0.03 M NaOH) with 0.27 M NaCl 
added, the tails become as condensed as under strong alkaline conditions. 
Klaude et al.. (1996) have studied the behaviour of DNA under different 
electrophoresis condition in mammalian cell as a result of gamma irradiation. They made 
an effort to elucidate the mechanisms behind the comet assay. The use of neutral versus 
alkaline conditions is apparently affect the behavior of DNA in different ways, after 
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neutral conditions the comet tails consist of relaxed loops, whereas alkaline tails are made 
up from DNA fragments. The comet assay, apart from detecting DNA damage, can also 
be used to study DNA processes in the nucleus in situ, by applying 
microautoradiography. 
Comet assay offers considerable advantages over other cytogenetic methods for 
detection of DNA damage, as the cells studied need not to be mitotically active. It is 
equally important that this technique requires a small number of cells and is applicable to 
a broad spectrum of living organisms- virtually any nucleated cell can be used (Pavlica et 
al., 2001). Consequently, the SCGE procedure was applied to numerous cell types: 
erythrocytes, cells of gill, liver, kidney and gut; in vitro treatment of red blood cells of 
flounder [Pkuronectes americans) to hydrogen peroxide (H2O2), in all the cases increase 
of tail length was observed (Nacci et al., 1996). 
Pandrangi et al., (1995) chose another fish for in vivo studies; the benthic feeding 
brown bullhead {Ameiurus nebulosus). After intraperitoneal injection of 
cyclophosphamide, the erythrocytes were collected for analysis that exhibited DNA 
damage 24 and 72 hr after the injection. A most frequent way of exposure is to place fish 
in spiked water. For instance Belpaeme et al., (1998) improved the protocol using a 
known genotoxic agent, the ethylmethane sulphonate (EMS). After direct exposure to 
turbuts (Pselta maximus) to EMS, blood, gill, liver and kidney cells showed a significant 
increase in DNA damage. Zebrafish {Brachidanio rerio) when exposed to methyl 
methane sulphonate (MMS) responded in a similar way (Deventer, 1996). Some 
concentrations were also shown to induce micronuclei in erythrocytes of B. rerio. 
However, when the micronucleus test was applied, effects on the erythrocytes were 
visible only as late as 6 day after initiation of the treatment, while comets were visible as 
early as 8 hr after exposure. 
Interaction of genotoxic agents with DNA are reported to form alkaline labile 
adducts and other modifications, which can contribute to an increase level of DNA strand 
breaks through enzymatic removal of damaged nucleotides. If unrepaired, this damage to 
the integrity of the DNA may lead to mutation and neoplastic transformation (Sumathi et 
al., 2001). 
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Results from the comet assay, opposite to conclusions of some authors (Seller. 
1991) show that the PCP induces DNA strand breaks SB. However, the cause of these 
SBs is yet to be established. It is known that PCP at low doses increases oxygen 
consumption in affected animals. This is caused by loss of respiratory control in 
mitochondria as a result of uncoupling of oxidative phosphorylation (Holmberg et al.. 
1972; Weibach, 1954). Higher oxygen consumption causes a higher rate of oxyradical 
production Rozell and Andersson, 1996), which could be a plausible mechanism of PCP 
toxicity. Since oxidative DNA damage generated by higher oxyradical production, is 
mainly in the form of SSBs (Fairbairn et al., 1995; Wilson et al., 1998), we assume that 
observed DNA damage in PCP exposed animals could be in part, due to increase of 
reactive oxygen intermediates. On the other hand, impurities in PCP, like polychlorinated 
dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) being highly 
toxic (WHO, 1987) could have also contributed to the damage of DNA. Oxidative DNA 
damage generated by reactive oxygen species, such as those described, inevitably arise 
from respiration, has been attributed for the high and variable DNA damage in the gill 
cells of Mytiliis edulis (Wilson et al., 1998). 
Compared with other genotoxicity assays, the advantages of this technique are; 
sensitivity for detecting low levels of DNA damage, the requirement for small numbers 
of cells per sample, flexibility, low costs, ease of application, the ability to conduct 
studies using relatively small amounts of a test substance; and the relatively short time 
period (a few days) needed to complete an experiment. Since the last decade, this assay 
has developed into a basic tool for use by investigators interested in research areas 
ranging from human and environmental biomonitoring to DNA repair processes to 
genetic toxicology. General reviews on this technique that have been published are: Tice 
et al.. (1991), McKelvey-Martin et al., (1993), Tice (1995), Fairbairn et al., (1995), 
Anderson et al.. (1998), Rojas et al., (1999), and Speit and Hartmann (1999). Cotelle and 
Ferard, (1999). Unless otherwise noted, information supporting the conclusions of the 
expert panel can be found in these reviews. 
The SCGE assay has been successfully applied in screening lymphocyte samples 
from human populations for susceptibility to oxidative damage, UV and ionising 
radiation (Singh et al.. 1988; Olive et al., 1990; Tice et al., 1990; Green et al., 1992). De 
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Meo and Colleagues (1991) used the SCGE assay to measure the effect of potassium 
permagnate on the DNA of human peripheral blood lymphocytes. 
This assay has critically important application in the field of toxicology ranging 
from aging and clinical investigation to genetic toxicology and molecular epidemiology. 
Since the introduction of the alkaline comet assay in 1988, a number of advancements 
have greatly increased the flexibility and utility of this technique for detecting various 
forms of DNA damage (for example, single-and double-strand breaks, oxidative DNA 
base damage, DNA-DNA/ DNA-protein/DNA-drug crosslinking and DNA repair in any 
eukaryotic cell (NIH, 2002). 
Some of the applications in genotoxicity study for comet assay is extensively used 
in in vitro and in vivo genetic toxicology. Different types of cell lines and practically any 
type of cell from any target organs can be tested on comet assay. By looking at the 
removal of DNA damage over a period of time, comet assay can reflect the DNA repair 
that is taking place in the damaged cells. 
Although linear measures e.g., comet length, head diameter and area can be 
obtained manually from negative photomicrograph, image analysis equipment is 
desirable. Several image analysis systems are now available and each has particular 
strengths and weaknesses. Helma and Uhl (2000) developed scientific image-processing 
program, NIH image. Image analysis program for comet assay is easy and efficient to 
use. 
The comet assay is reliably sensitive, rapid and economic technique for the 
detection of single strand breaks. It is ideally suited as non-specific biomarkers of 
genotoxicity in fish and other aquatic species. It has been used successfully to reflect a 
range of in vivo exposure in various species. There is, however, a need for more 
comprehensive field studies supported by adequate informafion on chemical exposures. It 
still has a potential to exploit the assay for more detailed information on cell specific 
effects, inter-individual variability, and on the persistence of lesions that can be exposed 
as single strand breaks under alkali conditions (Mitchelmore and Chipman, 1998). 
Published literature on comet assay reveals two types of microscopic images: 1) 
false positives which may arise due to physical factors such as radiation or following the 
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treatment of the cells with high concentrations of mutagens; and 2) real positives which 
result from apoptotic cells. The former type of comets, also known as 'hedgehogs' or 
'clouds', have been obtained by Hartmann and Speit (1997) upon treatment with non-
genotoxic cytotoxic agents. 
It is yet unsettled whether cell death in tissue of experimental animals results in 
forming comets. Some cytological involvement in RBCs of C punctatus can not be ruled 
out because in fish treated with sub-lethal concentrations of PCP and 2,4-D, anisocytes 
and echinocytes appeared, which are the indicators of cytotoxicity. Quintana et al., 
(2000), have reported that breaks in rat lymphocyte DNA are secondary to cytotoxicity. 
In case of C. punctatus, however, formation of micronulei and the fragmentation pattern 
of RBC DNA of treated fish resembled the pattern obtained by other workers in apoptotic 
cells (Singh, 2000; Risso-de Faverney et al., 2001; Bagchi et al., 2002). The observed 
comets, therefore, might not be secondary to cytotoxic effects. The overall evidence 
presented here, thus, favours genotoxic effects of PCP and 2,4-D on C. punctatus. 
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Table 12. DNA damage in comet tail length (jum) in erythrocytes of Channel punctatus 
exposed to PCP at variable concentrations and exposures 
Concentration 
(ppm) 
Cent. 1 
Cont. 2 
Cont. 3 
0.2 
0.4 
0.6 
Comet tail length (Mean ± 
48 hr 
1.10 ±0.30 
1.12±0.32* 
4.62 ± 0.60 
2.33 ±0.70 
4.08 ±0.61 
5.60 ±0.75 
72 hr 
1.09 ±0.28 
1.11 ±0.35* 
4.85 ±0.51 
2.35 ±0.49 
5.02 ±0.90 
6.15 ±1.25 
S.D.) 
96 hr 
1.15 ±0.48 
1.13±0.41* 
5.26 ±0.40 
3.65 ±0.85 
5.75 ± 1.05 
8.12± 1.12 
Student's nest, P < 0.05; * Insignificant values; Unmarked values are significant 
Cont. I. (negative control, tap water); Cont. 2, (solvent control, 0.2% ethanol); Cont.3, (positive 
control, 40 ppm EMS) 
The frequencies of all the treated groups including positive control were significant 
Table 13. DNA damage in comet tail length (|am) in erythrocytes oi Channapunctatus 
exposed to 2.4-D at variable concentrations and exposures 
Concentration Comet tail length (Mean ± S.D.) 
(ppm) 48 hr 72 hr 96 hr 
Cont. 1 1.10 ±0.30 1.09 ±0.28 1.15 ±0.48 
Cont.2 1.12±0.32* 1.11 ±0.35^ 1.13±0.41* 
Cont. 3 4.62 ±0.60 4.85 ±0.51 5.26 ±0.40 
25 1.95 ±0.52 2.63 ±0.69 2.80 ±0.79 
50 2.34 ±0.91 3.25 ±1.21 3.40 ±1.06 
75 3.20±0.93 5.10±1.10 6.80±1.25 
Student's / test. P < 0.05: * insignificant values; Unmarked values are significant 
Cont. I, (negative control, tap water); Cont. 2, (solvent control, 0.2% ethanol); Cont. 3, (positive 
control, 40 ppm EMS) 
The frequencies of all the treated groups including positive control were significant 
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Figure 18. Bar diagram showing the comparative account of the distribution of 
the comet tail length observed due to exposure of PCP (a) and 2,4-D (b) at 
different intervals (48, 72, 96 hr) in Channa punctatus. 
(Bars: dark, 48 hr; light, 72 hr; hatched, 96 hr) 
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Chapter 8 
INTRODUCTION AND REVIEW OF ANTIMUTAGENIC EFFECT OF NEEM 
EXTRACT 
Past few decades have witnessed great strides in industrialization, chemical synthesis and nuclear energy. One or another kind of chemical is being used for almost every ' 
activity in our daily life. A large number of substances such as drugs, cosmetics, 
pesticides and petroleum products etc. have been established as mutagens by short term 
assays (Moutschen, 1985). Beside this, Ames (1986) cited several instances to show that 
human diet contains a great variety of natural mutagens- 'nature's pesticides'. The subtle 
danger of such spread and inadvertent exposure lies in the danger of their potential of 
enhancing genetic load. Moreover, the environmental mutagens are attributed to several 
human illness like cancer, atherosclerosis and aging. Thus the increasing wide use of 
these mutagens in almost every sphere of human activity requires an urgent need for 
intervention through antimutagenic action. The search for the compounds possessing 
such properties is warranted not only in view of eventual practical application but also for 
some insights into the process of mutagenesis and antimutagenesis alike (Grover and 
Bala, 1992). 
Research on antimutagens was in fact initiated in the year 1950 and reviewed by 
Clark and Shankel (1975). In these studies antimutagens are considered to be acting 
primarily on the level of cell. However, the present interest on antimutagens has been 
revived by the studies carried out by Japanese workers. Kada (1984) and Hayatsu et al.. 
(1988) reviewed the antimutagenic substances in diet. Several kinds of natural products 
of economical and edible nature harbouring antimutagenicity have been reported (Grover 
and Bala. 1992). 
"Antimutagenicity" can be achieved in a number ways; by intercepting oi' 
mutagenic agent before it reaches its target; by preventing the formation of an active 
intermediate; or by interfering the mutagenic process after the primary damage to DNA 
has been initiated. If the mutagenic agent is intercepted before it reacts with DNA. or if 
the metabolic process is affected so that an active mutagen is not formed, the target cell is 
not affected, and life goes on. (This assumes that interference with the metabolism of the 
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promutagen does not interfere with the necessary metabolic process of the cell or 
organism). Interference with the mutagenic processes, i.e. preventing of the conversion o\' 
primary DNA lesion to a mutation, can occur through an increase in the fidelity of repair, 
leading to fewer induced mutants, or through an inhibition of repair. In the later situation, 
the DNA damage would lead to cell death, instead of mutations. The selective loss of 
DNA-damaged cell will yield a decreased number of mutants (Zeiger, 2000). 
A diverse range of materials are being studied as antimutagens. including well 
characterised vitamins and minerals such as vitamin A. C and selenium, and polyphenols 
such as resveratrol or [6]-gingerol. Numerous studies continue to occur on extract from 
either common dietary constituents (such as broccoli, brussel, sprouts, green pepper, 
bamboo shoots and various mushrooms) or various traditional medicines from countries 
such as Brazil and India. In some, but not all of these studies, the antimutagenic 
components have been chemically characterised (Lohman et al., 2001). 
Compounds, gathered under the common term vitamins, are necessary for living 
organisms due to numerous biological functions performed by them. Some vitamins may 
scavenge harmful species, free radicles, or electrophiles, harmful to DNA and other cell 
targets. Three vitamins, namely. E, A and C, are thought to be the main protective agents 
in this class of compouds (Durnev and Seredenin, 1990; Ames and Gold, 1991). These 
three substances have been extensively studied in the last two decades and many 
beneficial effects have been found following tests on bacterial, plant and mammalian 
cells. They inhibit genotoxic actions of many direct and indirect chemical mutagens, and 
of y-irradiation and viral-induced cell transformation. These compounds possesses 
unusual chemical and biological properties allowing them to detoxify many mutagens in 
process (Odin, 1997). 
Although less commonly used than in the past, bacterial assays are still playing a 
role in antimutagenicity, especially in relation to establishing mechanistic effects. 
Resistance to multiple antimicrobial agents is an important clinical issue and most 
obvious studied directly in bacteria. Pillai et al., (2001) found that a number of 
antimutagenic agents, such as green tea catechins and other antioxidants at non toxic 
doses, are able to suppress the emergence of resistance to drugs such as tetracyclines. 
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chlorophenicols, microbial P-lactams and aminoglycosides. In fact many of the 
antimutagenic substances capable of preventing resistance emergence are present in 
normal food stuffs. Other bacterial studies consider the role of catechins in 
antimutagenesis by tea extracts (Heo et al., 2001) and suggested that organically grown 
vegetables may show superior antimutagenic activity to other vegetables against several 
different mutagens (Ren et al., 2001). Bacteria have also been useful in studying the 
mechanism by which para-am'mohenzoic acid (PABA) is found to be established as an 
effective bio-antimutagen in E. coli (Vaselieva, 2001), even helped modelling the 
electrical field generated by the small intestine in healthy calf (Sikora, et al., 2001). 
A continued concern must be the identification of chemicals that can act both 
muteness or antimutagens, and that have sometimes been called Janus compounds 
(Borstel and Higgins, 1998). For example, in the yeast Saccharomyces cerevisiea, sodium 
selenite and selenium-DL methionine, but not vitamin A or E, could be either mutagenic 
or antimutagenic depending upon the concentration used (Bronzetti et al., 2001). 
Mammlian assay continued to be useful in exploring mechanisms and effects of 
antimutagens such as quercetin or glycyrrhizin (Hun et al., 2001). Mouse micronucleus 
assay have also been utilised to study both adult and transplacental effects of derivatives 
of 1,4-dihydroisonicotinic acid as pretreatment against the alkylating agent, ethyl 
methane sulphonate (EMS) (Goncharova et al. 2001). Further studies in mice have 
emphasised the need for careful consideration of timing e.g. the toxic effects of 
vincristine on the distribution of radiopharmaceuticals (Mattos et al., 2001) and 
chlorophyllin pretreatment on chromium trioxide (Cr03) exposure (Rodriguez et al.. 
2001). 
The development of research in the area of antimutagenesis and 
anticarcinogenesis has been primarily devoted to the detection of anti-risk factors in 
human in a variety of in vitro or in vivo test systems. The extensive work has led to the 
identification of a broad range of inhibitors, belonging to more than 20 different chemical 
classes (Wattenberg, 1985), thereby providing a solid basis for future studies. The 
available informations are encouraging to the prospects of exploiting protective 
biological, physical or chemical agents, either synthetic or naturally occurring, in the 
primary prevention of mutation related diseases (De Flora and Ramel, 1988). An 
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extensive database on the activities of several antimutagen in vitro and in vivo, have been 
collected and summerised in the form of detailed 'activity profiles' (Waters et al., 1996). 
A wide variety of test organisms and cell types have been pressed in the study of 
antimutagenicity. Katoh et al., (1983) reported the inhibitory action of hemin against 
B(a)P- mediated mutagenesis of Chinese hamsters V79 cells in culture. The same group 
of investigators have shown that hemin can depress the metabolising activity of rat liver 
microsomal fraction by inhibiting the arylhydrocarbon hydroxylase activity (Nemoto and 
Takayama, 1982). Biliverdin is found to be weakly inhibitory for the mutagenicity of 
Trp-P-1 in the Salmonella/ microsome system (Arimoto et al., 1980a). It is further shown 
to be weakly inhibitory for activities of other food pyrolysate mutagens. The suggestion 
that bilirubin might be a biological antioxidants serving as a scavenger of peroxide 
radicals holds some merit (Stocker et al., 1987). 
In fish, antimutagenic studies are still in infancy only few reports are available. 
One such report concerns about the antimutagenic and anticarcinogenic activity of 
chlorophyllin (CHL), a water soluble derivative of chlorophyll towards aflatoxin Bi in 
rainbow trout (Dashwood et al., 1998). More recently the effectiveness of using fish 
model {Oreochromis mossamhicus) for the study of genotoxic effects of ethyl methane 
sulphonate and efficacy of vitamin C (L-ascorbic acid) in reducing genotoxicity are tried. 
The toxicity endpoints considered in this study were chromosomal aberrations, nuclear 
abnormalities of cell nuclei, abnormal sperm morphology and protein content and gel 
profiles from vital organs (Guha and Khuda Bukhsh, 2002). 
There is considerable evidence for a role of the antioxidant nutrients including 
vitamins C. E and P-carotene, in the maintenance of human health. The consumption of 
edible plants, fresh fruits and green vegetables has been demonstrated to prevent the 
occurrence of a number of diseases in humans and animals. Fresh vegetables, fruits and 
their seeds are rich sources of vitamins C, E and P-carotene, and /or protease inhibitor, 
compounds which may protect the organism against free radical-induced injury and 
disease (Bagchi et al.. 2002). Many indigeneous substances possess inhibitory activities 
towards natural and man made environmental mutagens. During the past decade a large 
number of compounds have been shown to inhibit the development of cancer. 
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Antimutagenic activity of herbal extracts is a promosing area for inhibitory 
studies. For example the extracts of herbs Achillia mellifolium, Hamamelis verginiami. 
Hedera helix. Salvia officinalis etc. reduced the mutations induced by UV and 4 NQO 
(Brockman. 1992). Neem {Azadirachla indica A. Juss) is an indigenous plant commonly 
grown in India and its sub-continent. Neem has been reported to exert several therapeutic 
effects. Aqueous extract of neem bark has been shown to act as immunomodulator, when 
assessed by alternative and classical C pathway activity, migration inhibition factor and 
chemiluminescence assay for phagocytotic activity (Devsagayam and Sainis, 2002). In 
fact an antioxidant principle has been isolated from neem seed using high pressure liquid 
chromatography with a hydrophobic reverse-phase column (Rao et al., 1998). 
Medicinal properties like antiseptic healing of wounds, curing of skin diseases 
and antiulcer activity of various parts of this plant are some of the other beneficial effects 
(Chopra el al.. 1956). Water soluble part of alcoholic extract of ^. indica leaves found to 
posses significant hypoglycemic, hypolipidemic, hepatoprotective. antifertilit), 
hypotensive and antiserotonin activities (Chattopadhyay et al.. 1987). The effects of 
feeding powdered dry leaves of neem were investigated on humoral and cell mediated 
immune responses, in a flock of broilers which had survived an outbreak of infectious 
bursal disease (IBD). The treatment significantly enhanced the antibody titre against new 
castle disease virus antigen and also potentiated the inflammatory reaction to 1-chloro-
2,4-dinitrobenzene in the skin contact sensitivity test (Sadekar et al.,1998). The water-
soluble constituents of the alcoholic extract of neem leaves also exerted significant anti-
inflammatory activity in cotton pellet granuloma assay in rats. The extract further 
inhibited synthesis of DNA and RNA and reduced the level of lipid peroxide 
(Chattopadhya). 1998). It is also reported that in vitro treatment of mouse splenocytes 
with neem leaves extract stimulated production of IL-2, IFN-y and TNF-a. reflecting 
activation of Tnl type of T-cell response (Dhanukar, 1997). The antiulcer effects o\' 
aqueous extract of the leaves of neem was reported in rats (Garg et al., 1993). 
On the contrary some reports of genotoxicity of crude extract of neem are also 
reported in the oral dose range of 5-20 mg/ 10 gm bw/ day in terms of chromosome 
breakages, and was also found genotoxic to male germ cells in mice (Awasthy et al.. 
1999; Awa.sthy, 2001). The antimutagenic effects of neem leaves extract (NE) has 
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however, not been reported so far. The possible antimutagenic effect in terms of 
cytogenetic end points; chromosomal aberrations and micronucleus generating ability is 
proposed as against the genotoxicity of PCP and 2,4-D (Chapter 2 and 3). Three 
concentrations of neem extract (1,2 and 3 ppm) were proposed to be tested. Keeping the 
PCP (0.6 ppm) and 2,4-D (75 ppm) concentration constant for 48, 72 and 96 hr. 
It is intended to evaluate the protective effect of NE against chemical muatgens 
under observation as a natural source of antimutagenic substance. 
PROTOCOL FOR ANTIMUTAGENIC STUDIES 
Chromosome aberration test 
Fish : C/2flnna/»wnc/a/w5 (Total number- 108). taken from 
acclimatized stock. 
Chemical : PCP (Concentration, 0.6 ppm) 
2,4-D (Concentration, 75 ppm) 
Antimutagenic agent: 
Neem leaves extract (NE) 
Concentrations, 1, 2, 3 ppm 
Duration : 48,72,96 hr 
Type of treatment : Medium exposure 
Chemicals and 
Solutions : 
CoCl2(40mg/10mlH2O) 
Colchicine (1 mg/ ml H2O) 
KCl (0.56%) 
Cornoy's fixative (methanol: galcial acetic acid, 3:1) 
Giemsa stain (10%) 
Sorensen's buffer (pH-6.8) 
Xylene. 
DPX 
Experimental design 
The method and procedure recommended by OECD (1997) was followed. 
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. A lot of 108 fish was divided into four experimental groups. 
. Exposed group consisted of a total 72 fish, 36 each for PCP (PCP + NE; 1, 2, 3 ppm) 
and 2.4-D (2.4-D + NE 1, 2, 3 ppm), 12 fish used for each concentration and three 
duration. 
. Treatment of the NE (1, 2, 3 ppm) were given simultaneously along with PCP (0.6 
ppm) and 2.4-D (75 ppm). 
. The other three groups consisted of negative, solvent and NE (3 ppm) of 12 fish each 
(total 36). 
• At the end of each specific intervals (48, 72, 96 hr), 4 fish per duration from each 
exposed group were sacrificed and immediately dissected to take out both kidneys for 
cytogenetic preparations 
• The same practice was followed for the controls. 
Chromosomal preparations 
Procedural details and observations methodology same as of Chapter 4 
(Chromosome aberration test). 
Calculation of percentage of reduction 
The percentage of reduction in the frequency of CA, was calculated according to 
Manoharan and Banerjee (1985) and Waters et al., (1990), by the formula: 
f^requency of CA in A - Frequency of CA in B 
Reduction (%) ' • X 100 
i'requency of CA m A - Frequency of CA in C 
Where. A = PCP or 2,4-D alone 
B = mix NE and PCP or NE and 2,4-D 
C = Negative control 
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Micronuclem test 
Fish 
Chemical 
Antimutagenic agent: 
Duration 
Type of treatment 
Solutions 
Statistical test 
Channel punctatus (Total number-
acclimatized. 
PCP (Concentration, 0.6 ppm) 
2,4-D (Concentration, 75 ppm) 
Neem leaves extract (NE) 
concentrations, 1, 2. 3 ppm 
48, 72, 96 hr 
Medium exposure 
Scott's Tap water substitute 
0.2 gm potassium bicarbonate 
2 gm magnesium sulphate 
lOOmlDDW 
Stains 
Haematoxylin 
Eosin 
Ethanol 
30. 50, 70, 90% and absolute. 
Xylene 
DPX 
Student's t-test 
108). 
Experimental design 
• A lot of 108 fish was divided into four experimental groups. 
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• Exposed group consisted of a total 72 fish, 36 each for PCP (PCP + NE; 1, 2. 3 ppm) 
and 2.4-D (2.4-D + NE; 1, 2. 3 ppm), 12 fish used for each concentration and three 
duration. 
• Treatment of the NE (1, 2, 3 ppm) were given simuhaneously along with PCP (0.6 
ppm) and 2.4-D (75 ppm). 
• The other three groups consisted of negafive, solvent and NE (3 ppm) of 12 t"ish each 
(total 36). 
• At the end of each specific intervals (48, 72, 96 hr), 4 fish per duration from each 
exposed group were utilized for smear preparation. 
• The same practice was followed for the controls. 
Slide preparations 
Procedural details of micronucleus preparation and scoring same as in Chapter 5 
(Micronulceus test). 
Calculation of percentage of reduction 
The percentage reduction in the frequency of MN, was calculated as per 
recommendation of Manoharan and Banerjee (1985) and Waters et al.. (1990). by the 
formula: 
Frequency of MN iii A - Frequency of MN in B 
Reduction (%) ^ • — X 100 
Frequcjic} of MN in A - Frequency of MN in C 
Where, A = PCP or 2.4-D alone 
B = mix NE and PCP or NE and 2,4-D 
C = Negative control 
RESULTS 
Antimutagenicity in chromosomal aberration studies 
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Table 14 and 15 show the effect of neem extract evaluated by CA test in 
simultaneous treatment of PCP and 2,4-D respectively. A comparative account of the 
reduction of CA frequency is presented in Figure 19 (a, b). 
The highest concentration of NE (3 ppm) recorded aberration frequency of 4.27 ± 
0.28-5.21 ± 0.48 in all durations (48-96 hr) which were found insignificant with negative 
control. 
All concentrations of neem extract reduced the CA frequency in a significant 
manner (p < 0.05) in either chemicals in simultaneous treatments. The highest reduction 
percentage was recorded in PCP group after 48 hr in 2 ppm NE, as 64.2. At 72 hr, 
reduction were 60% and 75% for 96 hr exposure. The reduction percentages in CA 
frequency thus showed no concentration response. The highest reduction of 75% was 
recorded as 8.18 ± 0.25 (0.6 ppm PCP + 3 ppm NE) significantly very low as compared 
to the frequency (18.58 ± 0.40) of PCP (0.6 ppm). 
In 2.4-D treated group neem extract was found more effective as the significant 
reduction in CA frequency recorded 83.3% (75 ppm 2,4-D + 3 ppm NE) after 96 hr 
representing the frequency of 6.42 ± 0.32 compared to 15.17 ± 0.45 (75 ppm 2.4-D). The 
highest reduction percentages observed at 48-72 hr to the tune 70% and 72.7% 
respectively. 
Antimutagenicity in micronucleus test 
The frequency of MN recorded by simultaneous treatment of NE with PCP and 
2.4-D are summerised separately in tables 16 and 17. A separate comparative account 
showing decrease in MN frequency is depicted by bar diagram in Figure 20 (a, b). 
In accordance with the negative effects in the CA test a clear negative mutagenic 
effect on induction of MN by 3 ppm of NE was found at all exposure time (48-96 hr). 
All MN frequencies 0.74 ± 0.35, 0.87 ± 0.76 and 1.01 ± 0.55 were found insignificant 
when contrasted with negative control. However, significantly reduced MN frequencies 
(p < 0.05) by all tested concentrations of NE were obtained in all cases compared to the 
PCP and 2.4-D induced MN. The simultaneous treatment of NE and PCP reduced the 
frequency of MN up to 75.3% after 48 hr in 1 ppm NE registering a frequency of 1.28 ± 
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0.40. In prolonged exposures, low reduction in MN frequency by NE were recorded. 
Highest concentration of NE (3 ppm) reduced MN frequency only up to 58.2% (96 lir). 
While, in 2,4-D treated group NE reduced the frequency of MN significantly, 
though reduction was not concentration and exposure dependent. The highest reduction 
however, was 55.1% after 48 hr by 3 ppm concentration of NE followed by 65.8% and 
65% (2 ppm NE) through 72-96 hr of exposure. 
The NE was found less effective in reducing the frequency of MN in 2,4-D as 
compared to PCP. Overall results revealed that NE was more effective in CA test than in 
MN test in terms of reduction in their frequencies. 
DISCUSSION 
There are several conceivable ways through which inhibitors can act: inhibition of 
interaction between genes and chemically reactive mutagenic agents, decomposing the 
active mutagens, and inhibition of metabolic activation of indirect-acting mutagens. The 
last mechanism includes inactivation of the metabolising enzymes, and interaction with 
the promutagens making them unavailable to the enzymatic processing (Hayatsu et al., 
1988). 
The results in the present study clearly showed that the neem extract had an 
antimutagenic and anticlastogenic potential in the fish. The NE repressed the action of 
PCP and 2.4-D as measured in CA and MN tests. The simultaneous treatment showed 
protective activity against two endpoints, a fact also supported by the study of Menoli et 
al.. (2001). 
As far as the anti-intlammatory activity of neem extract is concerned, it was due 
to stabilisation of lysosomal membranes and antiproliferative effect. Systemic 
chromatographic separation of the leaves extract revealed six flavonol-0-glycosides 
responsible for anti-inflammatory activity (Chattopadhyay, 1998). 
It is interesting to note that higher plants contain a number of agents capable of 
causing mitigations as well as a number of antimutagenic agents (Mitscher et al., 1992). 
Gichner et al.. (1985; 1986) have utilised the plant, Arahidopsis thaliana to screen the 
effects of various antimutagens (e.g. 9-hydoxyelIipficine, thiourea, cysteine, phenolic 
acids) against chemically induced embryonic and chlorophyll mutations. In an another 
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Study, the antimutagenic properties of South African herbal teas investigated using the 
Salmonella typhimurium mutagenicity assay. 
There are many studies to show the rising trends of antimutagenicity studies. For 
example, the aqueous extracts of fermented and unfermented rooibos tea {Asparathus 
linearis) and honeybush tea (Cyclopia inlermedia), were found to possess antimutagenic 
activity against 2- acetylaminofluorine and aflatoxin Bi (Marnewick et al., 2000). Lemon 
grass {Cymhopogon citralus Stapf) extract also found to have antimutagenic effect 
towards various known mutagens in Salmonella typhimurium strains TA98 and TAIOO 
(Vinitketkumnuen et al.. 1994). Anticlastogenic effect of vitamin C and E against 
rifamipicin (an anti-tuberculosis drug) in mouse bone marrow cells reduced the CA 
frequency significantly (Aly and Donia, 2002). In a similar observation the protective 
effect of Agar icu.s blaze i teas was demonstrated in vivo against the clastogenicity induced 
by cyclophosphamide. Mice treated with three different teas of mushroom, also 
significantly reduced the frequencies of micronuclei in polychromatic erythrocytes and in 
reticulocytes, in cyclophosphamide exposures (Denadai et al., 1998). 
The mechanisms of animutagenicity of vitamins are mainly connected with their 
free radical scavenging properties and to a lesser extent with nucleophilicity (Odin. 
1997). Many of the substances labelled as antimutagens are antioxidants. There is little 
doubt that oxidative reaction can activate otherwise non mutagenic or benign chemicals 
to mutagenic. Antioxidants interfere with these actions- either by interfering with the 
activation or oxidation of the chemical, or by inhibiting the movement of electrons or the 
oxygen radical. And yet oxidative processess are necessary for the health and survival of 
an organism; there may be a fine line between preventing the oxidative activation of a 
mutagen and permitting the essential flow of electrons in a healthy cell (Zeiger, 2000). 
Since antioxidants are free radical scavengers, they are effective in preventing oxidation. 
Free radicals are produced in a variety of processes and are extremely active chemical 
species. They react with macromolecules vital to the cell and may cross-link with a DNA 
altering its structure (Grover and Bala, 1992). 
Inhibitors of mutagenicity and carcinogenicity can be classified according to the 
stage during which they exert their protective effects (Ramel et al., 1986). Two principle 
stages are recognised. Stage I comprising inhibitors acting extracellularly, which includes 
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inhibitors preventing exogenous mutagens from damaging DNA by inactivation of 
formation of genotoxic chemicals from precursor compound. Stage II comprise agents 
acting intracellularly, includes a large group of inhibitors called 'blocking agents' 
(Wattenberg, 1980a). 
Antimutagens are found in various food items, in variable quantities. The 
chemicals present in plants like beta-carotene, vitamin A, C, and E fibres, chlorophyllins, 
phenols etc. are some important antimutagens. Short term assays used for monitoring 
environmental mutagens may be deployed for the detection of the antimutagenic 
substances too. Ames test has been used to identify and characterize antimutagens. An 
understanding of the mechanism of antimutagenesis is very important for application 
(Grover and Bala. 1992). 
The present study provides information on the types of antimutagens under 
development and new testing strategies for detecting agents with the ability to inhibit, 
delay or even reverse the carcinogenesis process. It also confirms some of the 
information already available on chemicals indicated to play a role in cancer protection. 
The Classes of chemicals that show useful effects include antimutagens, antioxidants and 
anti-inflammatory agents (Lohman et al.. 2001). 
Polyphenolic compounds are an important class of plant secondary metabolites, 
many of which appear to have anticarcinogenic potential. Resveratrol is shown to have 
anti-proliferative activity on panel of cell lines, and prevented the increase in reactive 
oxygen species (ROS) following exposure to oxidative agents in tissue culture (Sgambato 
et al.. 2001; Jang and Surh, 2001). Similarly resveratrol pre-treatment of cultured PC12 
(human prostate cancer cells) reduced hydrogen peroxide-induced cytotoxicity. NF-6B 
activation, DNA fragmentation, and intracellular accumulation of reactive oxygen species 
(Jang and Surh, 2001). Eupatilin (5,7 dihydroxy-3,4,6-trimethoxyflavone), the 
pharmacologically active ingredients of the traditional Oriental medical herb Artemisia 
asialica (Nakai), have also been shown to reduce viability in cultured human 
promyelocytic leukemia (HL-60) cells through inducing apoptosis (Seo and Surh, 2001). 
It is essential not only to assess the efficacy and safety of putative inhibitors by 
using a variety o'l test systems, but also to understand the mechanisms involved for a 
rational implementation of chemopreventive strategies (De Flora, 1998),. In this context. 
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three experimental designs (simultaneous, pre- and post treatment) when applied in 
relation to MMS for a better investigation of the possible antimutagenicity or 
antigenotoxicity mechanisms of the A. blazei extracts on Chinese hamster V79 cells by 
comet assay and MNT, showed satisfactory results (Menoli et al.. 2001). The post 
treatment could show its antimutagenic potential, by playing a role in optimization of 
DNA repair. The conclusion obtained in the pre-treatment could reflect the effects on the 
prevention of DNA damage by affecting metabolic pathways, being antioxidant or acting 
on DNA replication. These action mechanisms, occurring in both pre- and post 
treatments, could be called bio-antimutagenicity (Morita et al., 1978; Kada, 1983) or 
fidelogenesis (Brostel and Hennig, 1993). The use of a simultaneous treatment appeared 
to identify mechanisms with direct action on the mutagen by inactivating it, which may 
be classified as desmuatgenicity effects (Morita et al., 1978; Kada, 1983). However, the 
reduction in MN and CA production by NE suggests that direct protective mechanisms 
might be involved in countering PCP and 2,4-D induced mutagenesis. 
The concept of bio-markers is increasingly important in understanding the role of 
both carcinogens and anticarcinogens in human cancer (Lohman et al., 2001). To obtain a 
full understanding of the positive use of natural products as therapeutic and 
chemopreventive agents, it is necessary to explore more thoroughly their real 
animutagenic potential in vivo in connection with other antimutagenic factors. 
The study of antimutagenicity has important implications for human health 
forcasts and for intervention strategies. Chemicals exist that can mitigate the 
mutagenicity of other chemicals. There is no disagreement with this. The identification of 
substances with antimutagenic properties must be done in such a way as to realistically 
assess their potential health benefits, and to provide data that can be used to design 
additional studies to ascertain their mode(s) of action. Adding appropriate controls to 
experiment designed in identifying and characterising these chemicals, definately 
increase the size and complexity of these studies, and are an absolute necessity if 
misleading artifacts of toxicity and cell cycle perturbation are to be avoided (Zeiger. 
2000). 
Present information on the mechanisms accounting for inhibition of mutagenesis 
and carcinogenesis is fragmentary, and is founded only in part on well grounded 
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experimental data, supporting hypothesis or theoretical assumptions. It is not difficuh to 
foresee that in the near future the rapidly growing interest of scientists in this stimulating 
area of research will provide a deeper insight into the modulation of protective factors. A 
better understanding of the physiological and molecular mechnisms of action of similar 
agents will provide a rational scientific basis for a sensible 'risk- benefit" analysis and for 
the selection of useful and undamaging agents for use in chemoprevention of cancer and 
of mutation- related diseases (De Flora and Ramel, 1988). 
The obtained data indicate that natural products such as neem extracts may yield a 
wealth of commercially viable antimutagenic agents. Further studies are recommended, 
for precise characterization of the antimutagenic activity of neem extracts and to exactly 
identify the active compounds and their modes of action. Results strongly suggest that 
under certain circumstances NE exhibits strong antimutagenic activity that might 
contribute to an anticarcinogenic effect. 
The mechanisms of antimutagenesis have been classified into two major 
categories by Morita et al. (1978) and Kada (1983). One of them is desmutagenesis in 
which probable protective compound acts directly on mutagens or their precursors and 
inactivates them (Menoli et al., 2001; Guha and Khuda-Bukhsh, 2002). Antimutagens 
active in pretreatment provide a possibility that the protective chemical(s) may induce 
some metabolic enzyme, which act as metabolic inactivator for mutagens (Kuroda et al., 
1992). The other mechanism is bio-antimutagenesis, in which such protective compounds 
act either on the process of mutagenesis or repair of DNA damage causing a decrease in 
mutation frequency (Kuroda et al., 1992). Published evidence suggests that the activity of 
antimutagens in mutagen-treated model animal follows the second mechanism, i.e., they 
act as bio-antimutagens and are concerned with the repair process of DNA damage 
caused by mutagens. Some antimutagens are effective when they are used after an 
appropriate interval following the treatment with mutagens and assumed to participate in 
the repair process of damaged DNA (Kuroda et al., 1992). 
In addition to above, a third possibility that is, the prevention or slowdown in the 
absorption of mutagen by the tissue of experimental animal, remains to be yet 
investigated. Neem extract is supposed to contain antioxidant property (Rao et al., 1998) 
that might inhibit the oxidative metabolism of tested chemicals. Since during the present 
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investigations ttie fish were simultaneously treated with Neem extract, that may be 
simply preventing the uptake of these compounds. In this respect, the present attempt was 
only a preliminary investigation carried out at the end of the entire research programme. 
The results are, however, encouraging and suggest an experimental design to carry out 
further work to test the above alternative. 
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Table 16 Frequency profiles ot micronuclei (MNT) in variable concentrations of simultaneous exposure of NE 
and PCP for different intervals to evaluate antimutagenicity in Channapnnctatm 
Exposure 
(hr) 
48 
72 
96 
Cone 
(ppm) 
Cont 1 
Cont 2 
PCP 
NE(3) 
SI 
S2 
S3 
Cont 1 
Cont 2 
PCP 
NE(3) 
SI 
S2 
S3 
Cont 1 
Cont 2 
PCP 
NE(3) 
SI 
S2 
S3 
Total cells 
scored 
12225 
12180 
12214 
12080 
12250 
12300 
12200 
12550 
12350 
14048 
12600 
12250 
12200 
12000 
12280 
12150 
13440 
12300 
12200 
12350 
12100 
Number 
1 
93 
96 
338 
93 
147 
160 
179 
100 
99 
411 
101 
289 
270 
272 
113 
106 
802 
1 10 
625 
534 
463 
• of 
2 
1 
2 
7 
0 
J 
4 
1 
2 
66 
2 
2 
-> 
J 
-> 
1 
2 
116 
2 
25 
28 
20 
MN 
3 
0 
0 
1 
0 
2 
1 
0 
0 
1 
12 
0 
1 
0 
1 
0 
0 
18 
1 
7 
5 
6 
Total No 
ofMN 
95 
100 
355 
93 
159 
171 
185 
102 
106 
589 
105 
296 
276 
281 
115 
no 
1088 
117 
696 
605 
521 
Frequency of M N 
Mean (%) ± S D 
0 75 ± 0 42 
0 79 ±0 39* 
2 89 ± 1 02 
0 74 ±0 35* 
1 28 ±0 40 
1 37 ±0 29 
1 49 ± 0 52 
0 79 ±0 51 
0 83 ± 0 60* 
4 16 ± 1 83 
0 83 ± 0 76* 
2 39 ±0 90 
2 25 ±0 68 
2 31 ± 0 62 
0 91 ±0 70 
0 88 ±061* 
8 08 ±2 32 
0 95:t:0 S5* 
5 66 ± 0 95 
4 87 ± 1 02 
4 26 ±0 85 
Reduction 
(%) 
75 3 
70 7 
65 3 
60 1 
64 2 
63 2 
40 2 
49 6 
58 2 
Cont 1 (Negative tap water), Cont 2 (solvent, 0 2% ethanol), SI (series I, PCP + I ppm NE), S2 (series 2, PCP 
+ 2 ppm NE) S3 (series 3 PCP + 3 ppm NE) 
(Student's / test), p<0 05 * Insignificant values, Unmarked values are significant 
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Table 17 Frequency piofiles of micronuclei (MNT) in variable concentrations of simultaneous exposure of NL 
and 2,4-D for different intervals to evaluate antimutagenicity in Channa punclatus 
Exposure 
(hi) 
48 
72 
96 
Cone 
(ppm) 
Cont 1 
Cont 2 
2,4-D 
NE(3) 
SI 
S2 
S3 
Cont 1 
Cont 2 
2,4-D 
NE(3) 
SI 
S2 
S3 
Cont 1 
Cont 2 
2,4-D 
NE(3) 
SI 
S2 
S3 
Total cells 
scored 
12225 
12180 
120% 
12080 
12150 
12225 
12050 
12550 
12350 
12512 
12600 
12300 
12350 
12200 
12280 
12150 
12984 
12300 
12250 
12000 
12150 
Number 
1 
93 
96 
226 
93 
170 
150 
158 
100 
99 
251 
101 
164 
150 
150 
113 
106 
536 
110 
282 
269 
280 
of 
2 
1 
2 
4 
0 
2 
5 
1 
2 
6 
2 
5 
2 
1 
2 
25 
2 
5 
7 
10 
MN 
0 
0 
2 
0 
0 
2 
1 
0 
1 
2 
0 
2 
1 
2 
0 
0 
6 
1 
2 
1 
Total No 
of M N 
95 
100 
240 
93 
176 
160 
171 
102 
106 
269 
105 
180 
159 
160 
115 
110 
604 
117 
298 
286 
309 
Frequency of M N 
Mean (%) ± S D 
0 75 ± 0 42 
0 79 ±0 39* 
I 96 ±0 65 
0 74 ±0 35* 
1 41 ±0 66 
1 29 ± 0 54 
1 39 ± 0 40 
0 79±0 51 
0 83 ± 0 60* 
2 15±058 
0 83 ± 0 76* 
1 45 ±0 81 
1 25 ± 0 65 
1 29 ±0 55 
0 91 ±0 70 
088±061* 
4 62 ± 1 23 
0 95 ±0 55* 
2 41 ±0 80 
2 35 ±0 95 
2 53 ± 0 72 
Reduction 
(%) 
44 1 
55 1 
47 5 
53 2 
65 8 
65 2 
62 5 
65 0 
60 3 
Cont 1 (negative, tap water), Cont 2 (solvent, 0 2% ethanol), SI (series 1, 2,4-D + 1 ppm NE), S2 (seiies 2. 2,4-
D ± 2 ppm NE) S3 (series i, 2 4-D ± 3 ppm NE) 
(Student's (test), p<0 05 * Insignificant values, Unmarked values are significant 
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Figure 19. Line diagrams depicting the reduction of chromosomal aberration 
frequencies by NE and PCP (a) and 2,4-D and NE (b) after variable exposures 
(48. 72. 96 hr). 
SI; (series 1. PCP and 1 ppm NE); S2; (series 2, PCP and 2 ppm NE) S3; 
(series . PCP and 3 ppm NE) 
159 
96 hr 
7 
6 
5 
4 
3 
2 
1 
0 
PCP SI S2 
Concentrations (ppm) 
S3 
96 hr 
72 hr 
%hr 
2,4-D S1 S2 
Concentrations (ppm) 
S3 
Figure 20. Line diagrams depicting the reduction of micronucleus frequencies 
by PCP and NE (a) and 2.4-D and NE (b) after variable exposures (48. 72, 96 
hr). 
SI; (series 1, PCP and 1 ppm NE); S2; (series 2, PCP and 2 ppm NE) S3; 
(series , PCP and 3 ppm NE) 
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CONCLUSIONS AND RECOMMENDATIONS 
Thousands of new chemicals are produced and introduced into the environment 
each year. Genotoxicity testing is to play a vital role in the evaluation of the 
genotoxic potential of these chemicals. The purpose of the present study is 
therefore, to provide a concise overview of widely used industrial and agricultural 
chlorophenolic chemicals including PCP and 2,4-D. These chemicals are used in huge 
amounts in India alone, it accounts for the highest production worldwide. Their 
ubiquitous presence in the environment and consequent exposure of numerous organisms 
is acknowledged. EPA and lARC raised serious concern regarding the hazardous effects 
of these chemicals. To establish the protecting effects of some natural substances such as 
neeni is also aimed in the freshwater fish Channapunctatus. 
Initial screening of these chemicals involved determining the median lethal 
concentration (LC^o) and associated toxicity stress. Cytogenetic methods are probably 
still regarded as sensitive and efficient way to detect the effects of genotoxins. 
Observation on large number of cells showed a serious rise in the frequency of aberrant 
metaphases generally in all exposure groups irrespective of the compounds used, a 
variations at chemical and exposure levels though exhibited. Micronuclei are much faster 
and less technically demanding than scoring of chromosomal aberrations. Both PCP and 
2,4-D induced MN in a statistically significant manner. The highest frequency of MN 
observed in peak doses and exposures, observation supported the CA studies and it has 
several advantages over it, such as additional detection of aneugens, methodological 
simplicity, easiness of scoring and possibility of automation and micronuclei arise from 
two important types of genetic damage (clastogenesis and spindle disruption), the 
micronucleus assay has been widely used to screen for chemicals that cause these types 
of damages. Besides, MNT is often more sensitive cytogenetic test and the results are 
promising. 
Many disciplines in the science of aquatic toxicology are joined in the task of 
identifying and comprehending each toxicant mode of activity in organisms, which is 
responsible for clinical signs of intoxication and death. This can be discerned to some 
I,IIall MA C ^ y 
degree through biochemical and physiological studies. To see the effects due to physical 
changes in the tissue at the cellular ultrastructural level. Histopathological studies with 
light microscopy, and transmission electron microscopy were made for evaluation of 
potential lesions. The inhibition of gonadal growth and ultrastructural abnormality was 
observed in testes and ovaries. 
The near universal presence of intemucleosomal cleavage in apoptotic cells 
suggests that there may be a common mechanism by which apoptosis occurs in different 
cell types and also that DNA fragmentation is an important part of the cell death 
mechanism. Results of the present study confirmed this and are basic to understand the 
mechanisms of apoptosis, with particular regard to recognition of early biochemical 
events in DNA degradation. Studies further helped in identification of apoptotic cells at 
an early stage of commitment. 
The comet assay (single cell gel electrophoresis), on the other hand, is capable of 
detecting genotoxic and cytotoxic DNA damage related to pollution. The comet assay is 
being increasingly used in application because of its rapidity and ability to discriminate 
cell types in relation to their degree of DNA damage and DNA repair level. This assay 
produced excellent result as significant increases in comet tail lengths were observed by 
both the chemicals. 
Antimutagenic studies are of very recent origin and only few reports have 
appeared with reference to fish. The results in the present study clearly showed that the 
neem extract (NE) had an antimutagenic and anticlastogenic potential in the fish. The NE 
repressed the action of PCP and 2,4-D as measured by the CA and MN test. Further 
studies are required to better characterise the antimutagenic activity of neem extracts and 
to identify their active compounds and their mode of action. 
Since, in the field, chemical pollution often occurs as a complex mixture of 
pollutants, in particular in the aquatic systems. This makes it difficult to predict pollutant 
effects and calls for stuides of multiple biological endpoints serving as biomarkers in the 
exposed organisms. The need is to detect and assess the impact of pollutants. Indeed, 
chemical analysis can measure only a fraction of the contaminants present in polluted 
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waters with no indications of their adverse effects on organisms. Biomarkers, on tiie other 
hand, detect the presence of both known and unknown contaminants, thus having clear 
edge over the other. Early detection of sub-lethal effects as highlighted in present work 
may be of use in deciding on the need for remedial action. 
An attempt has been made to record advances in our capabilities to evaluate the 
interaction of genotoxins with the genetic material, and the development of realistic 
biological methods to identify expressed genotoxicity in aquatic organisms. Applying 
different techniques, which are at the cutting edge of the science, an attempt has been 
made to cover key mechanism questions, from molecular level to the potential ecological 
consequences at the population level. 
The results suggested that chlorophenolic compounds contain agents capable of 
inducing DNA damage in the freshwater fish, Channa punctatus. Therefore, the 
evaluation of genotoxicity of PCP and 2,4-D in fish using various techniques may be of 
great value in the warning system for identifying and monitoring the effects of 
contaminants on aquafic biota. Fish were found very useful for aquafic genotoxicity 
testing. 
In view of the serious results obtained with these compounds it is recommended 
that the use of these compounds should at least be restricted to situations where adequate 
protection can be provided. Nevertheless, the continuous and widespread use of these 
chemicals might bring undesirable variations affecting the genetic purity of the 
individual. It is absolutely necessary to establish standards for the exposure limits of 
these or other specific chemical mutagens. An immediate action to tackle this problem at 
the international level is to identify and strengthen agencies to generate scientific data 
periodically to ascertain trends on pesticides and herbicides residues. The extrapolation of 
these serious results to the human beings are further needed. 
It is not unusual in science for advances in technology to outdistance the ability of 
researchers and other users of the technology to understand and apply the new knowledge 
appropriately. Genetic lexicologists are faced with a rapidly expanding information base 
and an array of techniques potentially relevant to their interests. The events occurring 
I'll D lliesis / ^ ^ ^ ^ i oncliiMiiinainl HfLoiiiiiii'ihhiiioiis 
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over the past few years present knowledge that is important in charting the course of the 
next stage in genetic toxicology research, development and application. 
Having resolved the conflicting situation arising from divergent ideologies, 
genetic toxicology is now ready to stride ahead in future. 
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Abttraet 
An in vivo jtudy on the genotoxic efTecU of pentachloropbenol (PCP) and 2,4-dicbloroptienoxyacetic acid (2.4-D) was carried out 
with fre»hwater air-breathing fish Channa punctatus. The fish were exposed to three sublethal doses of PCP (0.2. 0.4, and 0.6 ppm) 
and 2,4-D (25, 50, and 75ppm) by medium treatment. Micronucleated erythrocytes were sampled at intervals of 48,.72, and 96 h 
posttreatment. Student's / test' revealed significant increases in micronucleus (MN) fiequeocy. Maximum incidence of MN was 
recorded at highest concentrations and durations for both chemicals. A liiue- and dose-dependent response of the MN frequency for 
both chemicals was confirmed. PCP-treated groups had 8-10 MN per cell, specifically at higher concentrations and duration. 
Echinocytes were recorded at higher concentrations of 2,4-D. The study confirmed the genotoxidty of PCP and 2,4-D in this 
orgaaism. PCP was found to be more toxic than 2,4-D in terms of MN induction. This assay has further potential for detecting 
gcDotoxic compounds in aqudtic ecosystems. 
© 2002 Elsevier Science (USA). All rights reserved. 
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Aquatic ecosystenls are dwindling due to unrestricted 
disposal of wastes and agricultural field chemicals. Fish 
are appropriate models for genotoxic monitoring of 
environmeatal pollutants in the aquatic mcditun. The 
micronudeus test (MNT) is a reliable short-term in vivo 
test for detecting clastogens or spindle poisons ( 
). Micronuclei are formed by condensation of 
acentric chromosomal fragments or whole chromo-
somes that are not included in the main nuclei following 
anaphase ( ). It has been 
reported that mitomycin-C and paper mill effluents 
induce micronuclei (MN) in the peripheral blood 
erythrocytes of fish ( ' ; 
; ) • 
found that micronuclei were induced 
in a time- and dose-dependent manner in peripheral 
blood erythrocytes of eastern mudminnow Umbra 
pygmaea. 
<CoiTespondiag author. Fax: 91-571-708336. 
E-mail adAas: ikridi2001®iediiliiudlxom (W. Ahiiuid)£-m<ii/ 
addrtss: ftridi200l@rediflnuil.com (W. Ahmad). 
Mutagenic chemicals have a high probability of 
inducing carcinogenic effects in various fish species. A 57 
majority of these chemicals have been found to cause 
tumors at specific or multiple sites in fish ( 59 
). A large group of mutagenic themicals 
comprises herbicides and pesticides, but information on 61 
herbicidal genotojticity is lacking. Pentachloropbenol 
(PCP) and 2,4-dichlorophenoxyacctic acid (2,4-D) arc 63 
chlorinated phenols widely used in agriculture. The 
former has been found to decrease the absolute and 65 
relative number of HPRT mutants in Chinese hamster 
cells ( ; 67 
). In humans, a significant increase in 
chromosome aberrations has been observed in the 69 
lymphocytes of PCP-exposed workers ( 
; ). On the other hand, 2.4-D 71 
poisoning was foimd to provoke disruption of hemato-
poietic tissue cell components and protein structures in 73 
Tinea tinea ( ). Information about the 
effects of these two chemicals on freshwater fish is 75 
lacking; therefore, the current study on Channa puncta-
tus was undertaken. 77 
79 
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Induction of micronuclei and erythrocyte alterations in the 
catfish Clarias batrachus by 2,4-dichlorophenoxyacetic 
acid and butachlor 
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Abstract 
The micronucleus test (MNT) in fish erythrocytes has increasingly been used to detect the genotoxic effects of environ 
mutagens and its frequency is considered to reflect the genotoxic damage to cells, mainly the chromosomes Besides, n-
logically altered erythrocyte is taken as an index of cytotoxicity Both parameters were used in the present study by twc 
cides, 2,4-dichlorophenoxyacetic acid (2,4-D, in 25,50 and 75 ppm concentrations) and 2-chloro-2,6-diethyl-A -^(butoxyi 
acetamlide (butachlor, in 1, 2 and 2 5 ppm concentrations) for genotoxic and cytotoxic endpoints The study was can 
by an m vivo method on penpheral erythrocytes of catfish Clarias batrachus usmg multiple sampling times (48, 72 am 
Cytogenetic preparations were made by haematoxyhn-eosin staining technique Pycnotic and granular rmcronucle 
were consistently observed irrespective of chemical tested A wide range of altered cells was also observed Echii 
accompamed by altered nuclei and vacuoles were prominent feature of 2,4-D, whereas, anisochromasia and anisocyi 
erythrocytes were charactenstic of butachlor Increase in MN as well as altered cells frequencies were significant A p 
dose-response relationship in all exposures and sampling times was observed Herbicides used were found to be get 
as well as cytotoxic in this fish The suitability of the adopted parameters for the screening of the aquatic genotoxu 
discussed © 2002 Elsevier Science B V All nghts reserved 
Keywords Clarias batrachus, 2,4-D, Butachlor, Micronucleus, Echinocytes, Anisocytes 
1. Introduction 
A number of chermcals are introduced in modem 
day farm practices and new formulations are contin-
uously made available to control pests, weeds and 
microorganisms As a result elevated level of agro-
chemicals are detected in ground water Indiscnmi-
nately used chemicals in agncultural fields may end 
* Corresponding author Tel +91-571-709658 
fax +91-571-708336 
E-mail address fandi2001@rediffmail com (W Ahmad) 
up in the river due to ram, surface runoff, ind 
and urban discharges Some herbicides, includi 
tachlor when apphed to paddy fields flow ou 
effluents, causing contamination of river water 
Fish accumulates these chemicals by directly 
ing Itself to the chemicals present in water or tl 
the food chain of ecosystem indirectly The idea 
ing fish as genotoxicity model, therefore, becc 
fair choice 
To detect such chemicals vanous cytogeneti 
points specially MN induction has been us 
regular basis [3,4] These can be seen as cytop 
1383-5718/02/$ - see front matter © 2002 Elsevier Science B V All rights reserved 
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Abstract 
The menstematic mitotic cells of Allium cepa is an efficient cytogenetic material for chromosome aberration assay on 
environmental pollutants For assessing genotoxicity of pentachlorophenol (PCP), 2,4-dichlorophenoxyacetic acid (2,4-D) 
and 2-chloro-2 6-diethyl-A'-(butoxymethyl) acetanilide (butachlor), 50% effective concentration (EC50), c-mitosis, stickiness, 
chromosome breaks and mitotic index (MI) were used as endpoints of genotoxicity EC50 values for PCP and butachlor are 
0 7^ and 5 1 ^ ppm, respectively 2,4-D evidently induced morphological changes at higher concentrations Some changes like 
crochet hooks, c-tumours and broken roots were unique to 2,4-D at 5-20 ppm No such abnormalities were found in PCP and 
butachlor treated groups, however, root detenorated and degenerated at higher concentrations (<3 ppm) in PCP MI in 2,4-D 
showed a low average of 14 32% followed by PCP (19 53%), while in butachlor it was recorded 71 6%, which is near to 
the control value All chemicals induced chromosome aberrations at statistically significant level The highest chromosome 
aberration frequency (11 90%) was recorded in PCP at 3 ppm Large number of c-mitotic anaphases indicated that butachlor 
acts as potent spindle inhibitor, whereas, breaks, bridges, stickiness and laggards were most frequently found in PCP showing 
that It IS a potent clastogen © 2002 Elsevier Science B V All rights reserved 
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1. Introduction 
Since Levan [1] introduced the first Allium test, 
root tip systems of various plants like Vicia faba 
[2] and Tradescantia [3] have been widely used 
for determining the biological effects of chemicals 
Evaluating the toxicity of environmental pollutants 
by plant materials was further stressed by various 
workshops [4] and GENE-TOX programmes [5] 
Consequently, many short term studies based on in 
'Corresponding author Tel -1-91 'iVl 7096^8 
fax +91 571 7083% 
E mail address faridi2001 @rediftinai! com (W Ahmad) 
vitro and in vivo tests were successfully carried out 
for the detection and monitonng of a wide vanety 
of environmental chemicals with mutagenic and car-
cinogenic potential [6,7] However, with the ever 
increasing list of chemicals, many of them awaited 
such testing and even confirmation to this effect 
Pentachlorophenol (PCP), 2,4-dichlorophenoxy-
acetic acid (2,4-D) and 2-chIoro-2,6-diethyl-A'-(buto-
xymethyl) acetanilide (butachlor) are three herbicides 
which have not been conclusively tned even though 
they are known for applications [8-10] Each has 
indicated an unspecific but strong cytotoxic activity 
and been found useful in a great vanety of biocidal 
applications [11,12] For example, higher concentra-
138^ 5718/02/S - see front matter © 2002 Elsevier Science B V All rights reserved 
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Abstract An in vivo study of the effects of pentachloro-
phenol was earned out with a pre-acclimatized fish spe-
cies, Heteropneustes fossdis, using four sub-lethal con-
centrations, 0 1, 0 2, 0 3 and 0 4 ppm, and three sam-
pling times, 48, 72 and 96 h Cytogenetic preparations 
were stained by the haematoxylin-eosin technique The 
incidence of micronuclei was scored by a manual and an 
automated method Small-sized micronuclei appeared in 
the cytoplasm in addition to the main nucleus The fie-
quency of micronucleated erythrocytes peaked at 4 days 
(96 h) exposure The percentage of single micronuclei 
increased with longer exposures The Mann-Whitney 
U test showed all micronuclei frequencies were signifi 
cantly different from control (f<0 05) No statistical dif-
ference was observed between scores obtained by the 
manual and automated methods A linear relationship be-
tween the percentage of micronucleated erythrocytes and 
dose was confirmed at all levels Computer image analy-
sis of morphological variations of erythrocytes indicated 
a 1 5 ratio of micronuclei and main nucleus accompanied 
by a reduction in cell volume by 600 dot units Penta-
chlorophenol-mediated genotoxicity was confirmed in 
this fish for the first time Possible consequences of 
genotoxicity and cytotoxicity are discussed 
Introduction 
PentachloropheiK)! (PCP) has wide-spectrum applica-
tions in industry and agriculture with probably more var-
ied uses than many other pesticides of the modem age 
(Revenue and Beckman 1967, Gebefugi and Parlar 1978, 
Edited by W Hennig 
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lARC 1990, Seller 1991) It is the chlorophenol with thi 
highest world-wide production (Ullmanns Encyclopadu 
1983 and Rippen 1989 cited in Seller 1991) This ac 
counts for its ubiquitous presence in the environmen 
and consequent exposure of numerous organisms Tht 
observed indices of ecosystem impairment such as in 
creased frequency ot tumours in fish (Baumann 1989 
raise concerns about the possibility of genetic effects or 
humans consuming fish, or those living in or near con 
taminated areas (Hasspieler et al 1996) 
Many chlorinated xenobiotics including PCP art 
known to have genotoxic properties as elicited in a num 
ber of studies for the induction of such effects (William^ 
1982, Seller 1991, Ahmad and Ah 1996, Ah and Ahmaa 
1998) In spite of extensive studies in bacteria (Shirasu 
et al 1976, Fahrig 1978, DeMarini et al 1990) and on 
Chinese hamster cells (Jansson and Jansson 1986 
Ehrlich 1990), the results are contradictory Studies on 
PCP or Its derivatives have, however, established the 
mutagenicity of these compounds in higher organisms 
(Schmidetal 1982, Gold et al 1984) 
Aquatic organisms are often viewed as surrogate 
models for humans and aquatic toxicological data are of-
ten used to predict ettccts ol pollutants on human health 
(Sklarew 1993) Fish often respond to toxicants in a 
manner similar to higher vertebrates (Weis and Weis 
1989, Wisk and Cooper 1990, Yang et al 1990) Of the 
various assays used to measure the extent of damage to 
genetic material, the quantitatu i ot fish micronuclei, 
aided by automation, has validated this technique on a 
regular basis Thus many in vitro and in vivo studies 
have used the micronucleus test (MNT) on Cypnnus 
carpio. Tinea tinea. Umbra pygmaea. Umbra limi 
Oreochromis mossambicus, and Clanas ganepinus to 
test a large variety of physical and chemical agents 
(Hooftman and Raat 1982, Manna 1989, Khan et al 
1991, Al-Sabti 1994, Bahari et al 1994) The catfish 
Heteropneustes fossilis has, however, rarely been ex-
posed to PCP Ahmad and All (1996) and Ah and 
Ahmad (1998) showed a significant increase in chromo-
somal aberrations as a result of 2,4-dichlorophenoxyace-
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Histopathological Effect of Pentachlorophenol on a 
Teleostean Fish Heteropneustes fossilis (BLOCH): 
Light and Transmission Electron Microscopic (TEM) 
Studies of Ovaries 
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Abstract 
Pre-acclimatized fishes {Heteropneustes fossilis) were given medium treatment 
by multiple doses of varying exposures in pentachlorophenol (PCP). Histological 
preparations of ovarian tissue were made for light and electron microscopy. 
The results showed deleterious effects such as severe damage to the 
peritoneal lining, vacuolation of cytoplasm in immature oocytes and disintegration 
of cortical alveoli and yolk globules in manture oocytes. Affected cells 
were frequently observed with a prominent vacuolation in the nuclear extrusions. 
A peripheral relocatton of numerous.nuclei possibly by prominent condensations 
of chromatin material was also observed. Ovarian wall suffered rupture 
and disintegration and changes extended to deep seated oocytes, cortical 
alveoli and yolk globules. Studies on chemical based effects on maturation 
of ovaries showed inhibition of gonadal growth indicated by gonadosomatic 
index (GSI). Results suggested a great sensitivity even to low concentra-
tions of PCP, capable of inhibiting ovarian recrudescence in fishes. Since 
gonads perform dual function of producing germ cells as well as steroid 
hormones, reproductive physiology becomes an important parameter of 
genotoxicity testing. 
Introduction 
The contamination of water resources by pesticides is a matter of great 
concern and warrants testing of reproductive physiology in animals including 
fish, since gonads perform dual function of producing germ cells and steroid 
hormones. In vivo testing of the germinal t issues therefore, provides an im-
portant evidence for the accessibility of the test chemicals to the reproductive 
organs and the possibility of its transmission to future generations. The 
fundaraental concern in assessing mutagenesis is the risk of genetic effects 
in future generations. 
Many toxic substances in fish are known to suppress gonadal growth^, 
steroidogenesis'*'^ and lipid metabolism.*''^ However, pentachlorophenol (PCP) 
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